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S C O P E  

T h i s  document  d e s c r i b e s  the  M a r i n e r  J u p i t e r I S a t u r n  1977 (MJS77) 
Spacecra f t  System,  de f ines  the  s p a c e c r a f t  s u b s y s t e m s ,  spec i f i e s  the  
s y s t e m  l e v e l  r e q u i r e m e n t s  f o r  t h e i r  p e r f o r m a n c e  and design,  and 
d e l i n e a t e s  the  c o n s t r a i n t s  which a r e  imposed  on e a c h  s u b s y s t e m  b y  
the  s y s t e m  and b y  o t h e r  s u b s y s t e m s .  I t  is  t h e  control l ing  document  
f o r  genera t ion  of t h e  l e v e l  3 and  4 functional  r e q u i r e m e n t  documents  
contained in t h e  MJS77 Spacecra f t  Func t iona l  R e q u i r e m e n t s  Book, 
PD618-205. 

2 . 0  A P P L I C A B L E  DOCUMENTS 

T h e  following d o c u m e n t s  f o r m  a p a r t  of t h i s  Funct ional  R e q u i r e m e n t .  

DOCUMENTS 
k 

Jet Propu l s ion  L a b o r a t o r y  

M a r i n e r  ~ u p i t e r / ~ a t u r n  1977 M i s s i o n  
and  Science  R e q u i r e m e n t s  Document 

M a r i n e r  - ~ u p i t e r / s a t u r n  1977 P r o j e c t  
Safety P l a n  

M a r i n e r  J u p i t e r I S a t u r n  1977 P r o j e c t /  
Launch Vehicle S y s t e m s  R e q u i r e m e n t s  

M a r i n e r  J u p i t e r I S a t u r n  1977 Suppor t  
Equipment  Funct ional  R e q u i r e m e n t s  
Book 

M a r i n e r  J u p i t e r  /Sa tu rn  1977 Spacecra f t  
Sys tem Configurat ion Management  P lan  

M a r i n e r  J u p i t e r I S a t u r n  1977 Te lecom-  
municat ion Design Control  Document  

M a r i n e r  J u p i t e r I S a t u r n  1977 S p a c e c r a f t /  
M i s s i o n  Opera t ions  S y s t e m  In te r face  
Control  Document  

FUNCTIONAL REQUIREMENTS 

J e t  P ropu l s ion  L a b o r a t o r y  

Funct ional  R e q u i r e m e n t .  M a r i n e r  
J u p i t e r  /Sa tu rn  1977 Spacecra f t  Design 
C r i t e r i a  



Functional  Requi rement ,  M a r i n e r  
Jup i te r / sa tu rn  1977 Functional  Block 
D iag ram and Interface  L is t ings  

Functional  R equirement ,  Mar ine  r 
J u p i t e r / ~ a t u r n  1977 Flight Sequence 
Implementation 

Functional  Requirement ,  M a r i n e r  
Jupite r / sa tu rn  1 977 Standard 
T r a j e c t o r i e s  

Functional  Requirement ,  M a r i n e r  
Jupite r / sa tu rn  1 9 7 7 Nominal Aiming 
Point Select ion 

Functional  Requirement ,  M a r i n e r  
~ u p i t e r / s a t u r n  1977 Navigation 
Requi rements  

Functional  Requi rement ,  M a r i n e r  
J u p i t e r / ~ a t u r n  1977 Functional  Accuracy  
and Sys tem Capabil i t ies 

Functional  R equirement ,  M a r i n e r  
~ u p i t e r / s a t u r n  1977 Configuration 

Functional  Requirement ,  M a r i n e r  
Jup i te r / sa tu rn  1977 S t ruc tu ra l  Design 
C r i t e r i a  

Functional  Requirement ,  M a r i n e r  
~ u p i t e r / s a t u r n  1977 Determinat ion of 
Ine r t i a l  P r o p e r t i e s  

Functional  Requirement ,  M a r i n e r  
Jup i te r / sa tu rn  1977 Design C r i t e r i a  fo r  
Spacecra f t  T e m p e r a t u r e  Control  

Functional  Requirement ,  M a r i n e r  
~ u ~ i t e r / ~ a t u r n  1977 Elec t ron ic  
Equipment Design 

Functional  R equ i rement ,  M a r i n e r  
~ u ~ i t e r / ~ a t u r n  1977 Equipment L i s t  and 
M a s s  Allocation 

Functional  Requi rement ,  M a r i n e r  
Jup i te r / sa tu rn  1977 Environmental  
Design Requi rements  

Functional  Requi rement ,  Mar ine r  
Jup i t e r ISa tu rn  1977 P o w e r  P ro f i l e  and 
Allocation 



OTHER DOCUMENTS 

Funct ional  Requi rement ,  M a r i n e r  
Jup i te r  /Sa tu rn  1977 E l e c t r i c a l  
Grounding and Interfacing 

Funct ional  Requi rement ,  M a r i n e r  
Jup i t e r ISa tu rn  1977 T e l e m e t r y  and 
Command Handling 

Funct ional  Requi rement ,  M a r i n e r  
Jup i t e r ISa tu rn  1977 T e l e m e t r y  
M e a s u r e m e n t s  and Data F o r m a t s  

Funct ional  Requi rement ,  M a r i n e r  
Jup i t e r  /Sa tu rn  1977 Command 
S t ruc tu r e  and Ass ignments  

Funct ional  Requi rement ,  M a r i n e r  
Jup i t e r  /Sa tu rn  1977 Telecommunicat ions  

Funct ional  Requi rement ,  M a r i n e r  
Jup i t e r  /Sa tu rn  1977 Software 
Requ i r emen t s  

Mi l i t a ry  

AFETRM 127-1 Range Safety Manual 

Thiokol Chemica l  Corpora t ion  

CP364-4 Con t r ac t  End I t em  Detai l  Specificat ion 

DRAWING 

J e t  P ropu ls ion  Labo ra to ry  

10073993 

3 .0  SYSTEM REQUIREMENTS 

3.1 Gene ra l  

Science Ca l ib ra t ion  T a r g e t  - St ruc tu r a l  
In te r face  

a The  MJS77 Spacecra f t  s y s t e m  shal l  be compat ible  with the 
r equ i r emen t s  specif ied in PD618- 51, Miss ion and Science 
Requ i r emen t s  Document.  

b) All e l emen t s  of the spacec r a f t  s y s t e m  shal l  comply with the  
des ign  c r i t e r i a  specif ied in  MJS77-2- 100,  Spacecra f t  Design 
C r i t e r i a .  

c All e l emen t s  of the spacec r a f t  s y s t e m  sha l l  comply with the 
r equ i r emen t s  of th i s  functional  r equ i r emen t  and a l l  o the r  



applicable level 3 spacecraft  functional requirements. In the 
case  of conflict between this and any other level 3 spacecraft  
functional requirement,  the requirements of this document 
shall  prevail. 

Deviations from, and exceptions to, the contents of this 
document must  be specifically waived. Waivers shall  be in 
accordance with the waiver procedure contained in PD618-232, 
Spacecraft System Configuration Management Plan. 

3.2 System Definition 

The spacecraft  sys tem includes the spacecraft, the spacecraft  
adapter, the support equipment, and the spacecraft  software. 

3. 2. 1 Spacecraft 

In addition to i t s  scientific data  gathering function, the MJS77 space- 
c raf t  a lso provides the final injection energy to place the spacecraft 
on the desired trajectory. The spacecraft  i s  composed of a Propul- 
sion Module (PM)  and a Mission Module (MM), The PM is the 
portion of the spacecraf t  which provides the final injection and i s  
separated f rom the MM once the injection has  been achieved. The 
MM i s  the portion of the spacecraft  which contains the science in- 
s t ruments  and supports data gathering and t ransmission throughout 
the mission. 

3.2.2 Spacecraft Adapter 

The Spacecraft Adapter i s  composed of the transition s tructure and 
the associated equipment and cabling located between the field joint 
and the aft separation plane. 

'*. 3 . 2 . 3  Support Equipment 

The Support Equipment includes the System Tes t  Complex, the Launch 
Complex Equipment, and all  special test  facili t ies required for  testing 
of separate  subsystems and the assembled spacecraft  during system 
tes t  and launch operations phases. Support Equipment shall  be pro-  
vided as  required by PD618-206, Support Equipment Functional 
Requirements Book. 

3 . 2 . 4  Spacecraft Software 

Software f o r  the MJS77 Spacecraft System is divided into three  
general categories 

a )  Flight software i s  defined a s  being on-board coding associated 
with the flight programs f o r  the computer command subsystem, - 
flight data subsystem, and the attitude and articulation control 
subsystem. 



b) Flight support software i s  defined a s  that ground coding which 
i s  used directly to generate the flight coding, or i s  used to 
simulate the operation of flight hardware.  It does not include 
that coding used to analyze and predict  subsystem performance.  

c) Support equipment software i s  defined a s  that ground coding 
which i s  utilized during the fabrication and tes t  phases of the 
spacecraf t  system in the subsystem or system support 
equipment. 

3.2.5 Subsystem Requirements 

The spacecraf t  equipment shal l  be divided by function into a number 
of subsystems. Definitions of the subsystems,  requirements  placed 
upon them by other subsystems,  and major  sys tem requirements  on 
subsystems a r e  established in Section 4.0  of this document and in 
other Level 3 functional requirement documents. Detailed functional 
requirements  a r e  established in the Level 4 Functional Requirement 
Documents . 

3.2.6 Internal Electr ical  Interfaces 

The internal e lec t r ica l  interfaces a r e  defined to include a l l  signals 
that a r e  routed through sys t em cabling. This  includes intersub- 
sys t em signals and intra subsystem signals when electronic packages 
of the s a m e  subsystem a r e  not located in one bay. Internal  e lectr ical  
interfaces a r e  defined in MJS77- 3-  11 0, Functional Block Diagram 
and Interface Listings. 

3.2.7 External  Interfaces 

3.2.7. 1 General. This paragraph specifies the requirements  on the space-  
c raf t  sys tem due to interfacing with other sys tems of the project  
which a re :  Mission Operations System (MOS), the Tracking and 
Data System (TDS), and the Launch Vehicle System (LVS). 

+!!e3. 2 .  7. 2 Interface with the MOS. All e lements  of the spacecraf t  sys tem shal l  
mee t  the requirements  of Spacecraft/MOS Interface Control Document 
PD618-530. 

* 3. 2 .  7.  3 Interface with the TDS. All elements of the spacecraf t  sys tem shal l  
meet  the requirements  specified in the Telecommunications Design 
Control Document PD618-257. 

#$ 3. 2 .  7. 4 Interface with the LVS. A l l  e lements  of the spacecraf t  sys tem shall  
mee t  the requirements  of MJS77 Proiec t  Launch Vehicle System 

A 

Requirements, PD6 18- 59. 

+@ 3. 2. 7. 4. 1 Separation Signal. The launch vehicle will provide a 28 Vdc level 
input to  the spacecraf t  a t  Spacecraf t /Launch Vehicle (LV) separation 
minus 7 s. 



3. 3  D e s i g n  C h a r a c t e r i s t i c s  

46 3. 3. 1  G e n e r a l  

T h e  MJS77  s p a c e c r a f t  s h a l l  b e  a t t i t ude  s t a b i l i z e d  in  t h r e e  a x e s  u s ing  
the Sun and  a  s t a r  a s  p r i m a r y  r e f e r e n c e  o b j e c t s  while  ma in t a in ing  
c o m m u n i c a t i o n s  wi th  the E a r t h .  T h e  s p a c e c r a f t  s h a l l  h a v e  two-way 
c o m m u n i c a t i o n s  e q u i p m e n t  which p e r m i t s  the t r a n s m i s s i o n  of s c i e n c e  
d a t a  t o  t h e  E a r t h ,  r e c e i p t  of c o m m a n d  t r a n s m i s s i o n  a t  t he  s p a c e c r a f t ,  
and  two-way and one -way  d o p p l e r  t r a c k i n g  and  r a n g e  m e a s u r e m e n t s .  
T h e  s p a c e c r a f t  s h a l l  b e  c a p a b l e  of execu t ing  o n - b o a r d  s t o r e d  s e q u e n c e s  
f o r  t r a j e c t o r y  c o r r e c t i o n  and  s c i e n c e  i n s t r u m e n t  poin t ing  m a n e u v e r s ,  
an t enna  pointing, s c i e n c e  i n s t r u m e n t  pointing, s c i e n c e  and  e n g i n e e r -  
ing d a t a  acquis i t ion ,  and  d a t a  f o r m a t t i n g .  T h e  s p a c e c r a f t  s h a l l  d e r i v e  
i t s  e l e c t r i c a l  p o w e r  f r o m  s o l a r  i ndependen t  s o u r c e s .  

3 .  3 . 2  Sc ien t i f ic  E x p e r i m e n t s .  

The  s p a c e c r a f t  wi th  i t s  s c i e n t i f i c  i n s t r u m e n t s  wi l l  a l l ow e x p e r i m e n t s  
t o  be p e r f o r m e d  d u r i n g  c r u i s e  p h a s e  be tween p l a n e t s  and  i n  the  
v ic in i ty  of .Jupiter and  S a t u r n  including s e l e c t e d  s a t e l l i t e s  and S a t u r n ' s  
r i n g s .  In addi t ion ,  i t  i s  expec ted  tha t  wi th  t h e s e  i n s t r u m e n t s  a n  
ex tended  m i s s i o n  to  i nves t iga t e  the r e g i o n  beyond S a t u r n  could be 
p e r f o r m e d  unt i l  t e r m i n a t e d  by a  dep le t ion  of e x p e n d a b l e s ,  i nadequa te  
p e r f o r m a n c e  capab i l i t y  o r  M M  f a i l u r e .  T h e  r a d i o  s c i e n c e  e x p e r i m e n t  
i s  acco tnp l i shed  u i t h  the MM t e l e c o m m u n i c a t i o n s  equ ipmen t .  The  
s c i e n c e  s u b s y s t e m s  a r e  l i s t ed  below: 

C o s m i c  Ray  S u b s y s t e m  
P l a n e t a r y  Rad io  A s t r o n o m y  S u b s y s t e m  
P l a s m a  Wave S u b s y s t e m  
Low E n e r g y  C h a r g e d  P a r t i c l e  S u b s y s t e m  
P h o t o p o l a r i m e t e r  S u b s y s t e m  
P l a s m a  S u b s y s t e m  
U l t r a v i o l e t  S p e c t r o m e t e r  S u b s y s t e m  
M a g n e t o m e t e r  S u b s y s t e m  
Imaging  S c i e n c e  S u b s y s t e m  
I n f r a r e d  I n t e r f e r o m e t e r  S p e c t r o m e t e r  

and R a d i o m e t e r  S u b s y s t e m  

* 3 . 3 . 3  Naviga t ion  

3 3. 3.  1  T r a j e c t o r i e s  

( IRIS) 

* 3 .  3. 3. 1 .  1  I n t e r p l a n e t a r y .  All  e l e m e n t s  of the  s p a c e c r a f t  s h a l l  be compa t ib l e  
wi th  the  s e t  of t r a j e c t o r i e s  r e p r e s e n t e d  i n  MJS77-3-130,  S t anda rd  
T r a j e c t o r i e s .  



& 3. 3. 3 . 1 . 2  Encounter. All e lements  of the spacecraf t  shall be compatible with 
the range of t ra jec tor ies  described in MJS77-3- 140, Nominal Aiming 
Point Selection. 

$: 3. 3 .  3. 2 Trajectory Correct ions.  Requirements placed on the MM to 
support t ra jectory correct ion maneuvers  a r e  specified in 
MJS77-3-150, Navigation. 

3 .3 .4  Spacecraft  States 

A se t  of state var iables  shall  be defined for  each spacecraf t  subsys- 
tem.  Each allowable s e t  of state var iables  constitutes a subsystem 
state.  Each allowable se t  of subsystem states  constitutes a system 
state.  

3. 3. 4. 1 Operating States. Operating s ta tes  a r e  defined to include the 
subset of sys tem states  identified by one or m o r e  of the following: 

a )  States which exis t  during the mission sequence specified in 
M JS77- 3- 120, Flight Sequence Implementation, a s  controlled by 
on- board switching or  ground command. 

b) The s tate  i s  required to exist  for  verification of the spacecraf t  
performance during sys t em test .  + 3. 3.4. 2 Constraints 

a )  Each sys tem operating s ta te  shal l  be uniquely identified via  
the spacecraf t  te lemetry  s tatus  r eg i s t e r s  and/or  explicit 
t e lemetry  measurements .  

b) All sys t em operating s ta tes  shal l  be attainable by means of 
at leas t  one of the following types of inputs: 

1) On-board sensing and switching. 

3) CCS coded commands. 

CCS commands a r e  l isted and defined in MJS77-3-290, Com- 
mand Structure and Assignments. 

c )  With the exception of unlatching and deployment functions, 
r e l ease  of s tored gas, propulsion operations, o r  fai lure  mode 
switching it shall  not be possible to place the spacecraf t  in a 
s ta te  such that exit f r o m  that s ta te  is impossible, nor  shal l  it 
be  possible to  cycle the spacecraf t  through an operating s tate  
in such a manner  that no means  of returning f r o m  that s ta te  i s  
possible. 

d)  No sys t em s ta te  shal l  exis t  for  the purpose of verification of 
S I C  performance, i f  t ransit ion to a normal  flight s ta te  cannot be 
achieved via spacecraf t  commands. 
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e  I t  s h a l l  be p o s s i b l e  t o  condi t ion  t h e  s p a c e c r a f t  to t he  l aunch  
s t a t e  wh i l e  on  the  l aunch  pad us ing  the r a d i o  l ink  only excep t  
f o r  t he  following u m b i l i c a l  func t ions :  

1 ) E x t e r n a l l i n t e r n a l  power  s e l e c t  

2 )  Standby to  m a i n  i n v e r t e r  s e l e c t  

3) Solid r o c k e t  m o t o r  s a f e - a r m  

4) F l i g h t  d a t a  s u b s y s t e m  ( F D S )  m e m o r y  load ( t h e  s p a c e -  
c r a f t  s u p p l i e s  p o w e r  to the  FDS)  

f )  T h e  d e s i g n  of the  s p a c e c r a f t  s h a l l  be s u c h  t h a t  no s ing le  c o m -  
mand  c a n  p l a c e  t h e  s p a c e c r a f t  i n  a  s t a t e  t h a t  v i o l a t e s  t he  r e l i a -  
bi l i ty  c r i t e r i a  f o r  a  s i n g l e  f a i l u r e  a s  def ined  in  MJS77-2-100.  

g  A t  s u b s y s t e m  p o w e r  t u r n - o n ,  s u b s y s t e m s  s h a l l  go  t o  a  spec i f i c  
p r e d i c t a b l e  s t a t e .  T h i s  r e q u i r e m e n t  m a y  be sa t i s f i ed  by 
p o w e r - o n - r e s e t  log ic  o r  by r e m a i n i n g  in  the  s t a t e  t h a t  ex i s t ed  
a t  p o w e r  turn-of f .  

3 . 3 . 5  C o m m u n i c a t i o n s  

T h e  s p a c e c r a f t  s h a l l  p r o v i d e  f o r  c o m m u n i c a t i o n s  to  and  f r o m  the  e a r t h  - 
f o r  c a r r i e r  t r a c k i n g ,  r a n g i n g ,  t e l e m e t r y  and  c o m m a n d i n g .  T h e  s p a c e -  
c r a f t  t e l e c o m m u n i c a t i o n s  d e s i g n  s h a l l  be a  unif ied s y s t e m  s u c h  t h a t  a l l  
f unc t ions  rrlay be u t i l i zed  s i m u l t a n e o u s l y .  T h e  c o m m u n i c a t i o n s  d e s i g n  
of the  s p a c e c r a f t  s h a l l  be c o m p a t i b l e  w i th  the  D e e p  S p a c e  Ne twork  and 
s h a l l  c o m p l y  wi th  P D 6  18- 2 57. 

F u n c t i o n a l  r e q u i r e m e n t s  on  the  s p a c e c r a f t  t e l e c o m m u n i c a t i o n s  equip-  
m e n t  a r e  spec i f ied  i n  MJS77-  3-  300 ,  T e l e c o m m u n i c a t i o n s .  

3. 3. 6 At t i tude  & A r t i c u l a t i o n  C o n t r o l  

G e n e r a l .  T h e  s p a c e c r a f t  s h a l l  e s t a b l i s h  and  m a i n t a i n  a t t i t ude  o r i e n t a -  
t ion  and  s t ab i l i t y  a b o u t  t h r e e  o r thogona l  body a x e s  d u r i n g  a l l  p h a s e s  
of the  m i s s i o n  fol lowing s e p a r a t i o n  f r o m  the  L V .  T h e  s p a c e c r a f t  s h a l l  
u s e  t he  s u n  a s  a n  a t t i t ude  r e f e r e n c e  f o r  i t s  p i t ch  and  yaw a x e s ,  and  a  
p r e d e t e r m i n e d  s t a r  ( C a n o p u s )  f o r  i t s  r o l l  a t t i t ude  r e f e r e n c e .  T h e  
s p a c e c r a f t  s h a l l  c o n t r o l  t o  i n e r t i a l  r e f e r e n c e s  f o r  t h r u s t  v e c t o r  c o n t r o l  
d u r i n g  in j ec t ion ,  t h e  MM s h a l l  c o n t r o l  t o  i n e r t i a l  r e f e r e n c e s  d u r i n g  
T r a j e c t o r y  C o r r e c t i o n  M a n e u v e r s ,  S c i e n c e  M a n e u v e r s  and  a t  t h o s e  
t i m e s  when  c e l e s t i a l  r e f e r e n c e  s i g n a l s  a r e  not  a v a i l a b l e .  T h e  M M  
s h a l l  a l s o  be c a p a b l e  of a r t i c u l a t i n g  a s c i e n c e  s c a n  p l a t f o r m  i n  two 
r o t a t i o n a l  d e g r e e s  of f r e e d o m  r e l a t i v e  t o  t he  MM. At t i tude  and  a r t i c -  
u l a t ion  c o n t r o l  p e r f o r m a n c e  r e q u i r e m e n t s  a r e  spec i f i ed  i n  MJS77- 3 -  
170 ,  F u n c t i o n a l  A c c u r a c i e s  and  S y s t e m  C a p a b i l i t i e s .  



* 3. 3. 6. 2 Attitude Control  C r u i s e  Stability. During c r u i s e ,  the MM angula r  
r a t e  sha l l  be - < 8 p r a d / s  f o r  each  a x i s  dur ing undisturbed l i m i t  
cycle  operat ion.  

* 3. 3.6. 3 Science P l a t f o r m  Art icula t ion Control .  The sc ience  s can  p la t fo rm 
coordinate  s y s t e m  is defined in MJS77- 3- 180, Configuration.  
Pointing and set t l ing r equ i r emen t s  a r e  with r e f e r ence  to the L 
vec to r  re la t ive  to i ne r t i a l  space.  

a) Art icula t ion r ange  of the  s c i ence  s c a n  p l a t fo rm  L vec tor  sha l l  
conform to  the  r equ i r emen t s  of MJS77-3- 180. 

b)  The s c i ence  p l a t fo rm  sha l l  b e  pointed within the  a c c u r a c i e s  
speci f ied  in  MJS77-3-170. 

c )  F o r  80% of the  p l a t fo rm  s lews ,  the  t i m e  f r o m  the  end of the  
s l e w  and t he  L vec to r  excurs ions  dur ing a given t i m e  per iod  
r e l a t i ve  t o  c e l e s t i a l  space  (AO/AT) sha l l  b e  a s  follows: 

* 3. 3 .6 .4  Science Maneuver  T u r n  Rate. Tu rns  sha l l  b e  pe r fo rmed  about the  
MM ro l l  and yaw o r  r o l l  and pitch a x e s  sequential ly in clockwise 
o r  counterc lockwise  d i rec t ions .  The t u r n  r a t e  sha l l  be 3. 1 4  *0. 3 
m r a d  / s .  

Slew Ra t e  

1.745 m r / s  

17.45 m r / s  

* 3. 3.6. 5 High-Gain Antenna Pointing. After  launch plus -80 days ,  the  high- 
gain  antenna sha l l  b e  pointed a t  e a r t h  dur ing c r u i s e  and encounter  
t o  the  a c c u r a c i e s  speci f ied  in MJS77-3-170. 

3. 3 .  6.  5. 1 P l ane t  L i m b  Trac ing .  During e a r t h  occultat ion,  the MM sha l l  
p e r f o r m  a s e r i e s  of p r ep rog rammed  pitch and yaw tu rns .  These  
t u r n s  shal l  keep the high ga in  antenna pointed a t  the appa ren t  
c l o se s t  l imb  of the planet  to provide  the highest  probabil i ty of 
obtaining a n  R F  s ignal  path between e a r t h  and the spacecra f t ,  

T i m e  f r o m  end 
of s l ew  

30 s 
300 s 

170 s 

3 . 3 . 7  Data  Handling 

A e / A T  

20 m r / l  s 
150 m r / l O  s (100 m r / l O  s )  

20 m r / l  s 

3. 3. 7.1 Genera l .  Data  handling r equ i r emen t s  a r e  specified in MJS77-3-270, 
Te l eme t ry  and Command Handling. 



* 3. 3. 7. 2 T r a n s i t i o n  D e n s i t y  i n  Ou tpu t  Symbols .  T h e  t r a n s i t i o n  d e n s i t y  of 
o n e s  a n d  z e r o s  i n  t he  s p a c e c r a f t  s y m b o l  s t r e a m  s h a l l  b e  6 - 2 / 3  
p e r c e n t  o r  g r e a t e r .  

3.  3 . 8  T e m p e r a t u r e  C o n t r o l  

3. 3. 8 .  1  B o o s t  t o  In jec t ion .  H e a t  t r a n s f e r  t h rough  the n o s e  f a i r i n g  wi l l  b e  
9.- con t ro l l ed  i n  a c c o r d a n c e  wi th  the  r e q u i r e m e n t s  spec i f ied  i n  

PD618-  59. A f t e r  n o s e  f a i r i n g  e jec t ion ,  t h e  s p a c e c r a f t  wi l l  e x p e r i -  
e n c e  hea t ing  a s  a r e s u l t  of s o l a r  r a d i a t i o n ,  E a r t h  r a d i a t i o n ,  and  
a e r o d y n a m i c  hea t ing .  The  h e a t  c a p a c i t a n c e  and  t h e r m a l  d e s i g n  of 
t he  s p a c e c r a f t  s h a l l  l i m i t  the  t e m p e r a t u r e  r i s e  r e s u l t i n g  f r o m  t h i s  
hea t ing  t o  t he  l i m i t s  spec i f ied  in  MJS77-3-210,  D e s i g n  C r i t e r i a  f o r  
S p a c e c r a f t  T e m p e r a t u r e  Con t ro l .  

3. 3. 8. 2 P o s t  In jec t ion .  F r o m  in j ec t ion  t o  e n d - o f - m i s s i o n  the  t e m p e r a t u r e  
of a l l  M M  e l e m e n t s  s h a l l  b e  m a i n t a i n e d  wi th in  t h e  t e m p e r a t u r e  
r a n g e s  spec i f i ed  in  MJS77-  3-2 10. 

3 .  3 . 9  P o w e r  

$. 3. 3 .9 ,  1  G e n e r a l .  The  i n t e r n a l  s o u r c e s  of s p a c e c r a f t  power  s h a l l  be r a d i o -  
i so tope  t h e r m o e l e c t r i c  g e n e r a t o r s  ( R T G )  and  b a t t e r i e s .  F o r  ground 
t e s t ,  p r o v i s i o n  s h a l l  be m a d e  t o  a c c e p t  power  f r o m  a n  e x t e r n a l  
s o u r c e  t h a t  c a n  s i m u l a t e  the R T G s .  The  b a t t e r i e s  w i l l  p r o v i d e  power  - 
d u r i n g  in j ec t ion  and  s h a l l  be je t t i soned  with the P M .  

3. 3. 9 .  2 Al loca t ions .  S u b s y s t e m  power  d e m a n d s  s h a l l  be l i m i t e d  to  the 
a l l o c a t i o n s  conta ined  in MJS77- 3-2 50, P o w e r  P r o f i l e  and Al loca t ion  

3. 3.  10  M a s s  P r o p e r t i e s  

3.  3 . 1 0 . 1  S p a c e c r a f t  and  A d a p t e r  M a s s .  T h e  J P L  suppl ied  f l igh t  e q u i p m e n t ,  
i. e . ;  the  s p a c e c r a f t  and  a d a p t e r ,  s h a l l  be compa t ib l e  wi th  the launch  
veh ic l e  capabi l i ty  and m i s s i o n  r e q u i r e m e n t s .  PD618-  51 s p e c i f i e s  
the m a x i m u m  m a s s  of the  s p a c e c r a f t  and i t s  a d a p t e r .  

3 .  3. 1 0 .  2  I n e r t i a l  P r o p e r t i e s .  T h e  m a s s ,  c e n t e r  of m a s s ,  and c e n t r o i d a l  
m o m e n t s  and  p r o d u c t s  of i n e r t i a  f o r  t h e  s p a c e c r a f t  and  a d a p t e r  sha l l  
be d e t e r m i n e d  and con t ro l l ed  a s  spec i f i ed  in  MJS77- 3-200,  
D e t e r m i n a t i o n  of I n e r t i a l  P r o p e r t i e s .  

3 .  3.  10 .  3 S u b s v s t e m s .  S p a c e c r a f t  s u b s y s t e m  f l igh t  e q u i p m e n t  s h a l l  m e e t  the 
r e q u i r e m e n t s  of MJS77-3 -230 ,  E q u i p m e n t  L i s t  and  M a s s  Al loca t ion  

+:+ 3. 3 . 1 1  P a c k a g i n g  

E l e c t r o n i c  packaging  s h a l l  c o n f o r m  t o  the  p r o v i s i o n s  of MJS77-3 -220 ,  
E l e c t r o n i c  E q u i p m e n t  Des ign .  



Fl ight  Sof tware  

The s p a c e c r a f t  sha l l  be capable  of pe r fo rming  c e r t a i n  funct ions  in 
the Compute r  Command ,  Att i tude and Art icula t ion Control ,  and 
F l igh t  Data  S u b s y s t e m s  under  on- board p r o g r a m  control .  T h e s e  
functions sha l l  be p r o g r a m m a b l e  t o  the ex ten t  specif ied in  
MJS77- 3- 31 0 ,  Sof tware  R e q u i r e m e n t s .  

Sys tem Opera t ions  

Ground Handline and F l i e h t  P r e ~ a r a t i o n  

RTG Loading.  The  RTG output  s h a l l  b e  s h o r t e d  excep t  a s  n e c e s s a r y  
d u r i n g  ins ta l la t ion  onto the  MM. T h e  t r a n s f e r  of t h e  RTG out-  
put be tween loading connector  s s h a l l  b e  comple ted  i n  l e s s  than  one 
h o u r  t o  p r e v e n t  RTG o v e r  heat ing.  

P M  Orientat ion.  The  s e r v i c e d  propuls ion s u b s y s t e m  ( P R O P )  sha l l  
b e  main ta ined  with t h e  p rope l l an t  t ank  axis ver t i ca l ,  out le t  down. 
Under  no c i r c u m s t a n c e s  s h a l l  the  tank out le t  of the  s e r v i c e d  s u b s y s -  
t e m  b e  ro ta ted  m o r e  than  100 deg.  

T e l e m e t r y  Cal ibra t ion.  All P R O P  p r e s s u r e  t r a n s d u c e r s  s h a l l  b e  
c a l i b r a t e d  through the  f l ight  d a t a  s u b s y s t e m  (FDS) p r i o r  to launch.  

P r e l a u n c h  

Genera l .  F i n a l  a s s e m b l y  , checkout and o the r  a c t i v i t i e s  wil l  be 
p e r f o r m e d  a t  Kennedy Space  Cen te r  and the A i r  F o r c e  E a s t e r n  T e s t  
Range ( A F E T R ) .  

R e q u i r e m e n t s  

a )  The P R O P  sha l l  be loaded with hydraz ine  and p r e s s u r i z e d  in  
the Explos ive  Safe F a c i l i t y  ( E S F )  p r i o r  t o  being a t tached t o  
the  s p a c e c r a f t  s t r u c t u r e .  

b) The P R O P ,  including the solid r o c k e t  m o t o r ,  sha l l  be a t tached 
to  the s p a c e c r a f t  s t r u c t u r e  in  the S p a c e c r a f t  A s s e m b l y  and 
Encapsula t ion Fac i l i ty  (SAEF) .  

c)  Ins ta l la t ion  of pyrotechnic  d e v i c e s  containing l ive  ordnance 
( squibs)  and ins ta l la t ion  of squ ibs  i n  pyro techn ic  d e v i c e s  
a t tached to  the s p a c e c r a f t  shal l  be accompl i shed  in  both the  
E S F  and SAEF.  

d)  The fueled R T G s  sha l l  be a t tached to  the  s p a c e c r a f t  s t r u c t u r e  
i n  the  SAEF.  



e )  T h e  s p a c e c r a f t  s h a l l  be e n c a p s u l a t e d  i n  t he  n o s e  f a i r i ng  a t  the  
SAEB.  

f )  No o p e r a t i o n s  r e q u i r i n g  p h y s i c a l  a c c e s s  t o  t he  s p a c e c r a f t  s h a l l  
be planned a f t e r  s p a c e c r a f t  encapsu la t ion .  

g )  P r o v i s i o n  s h a l l  be m a d e  f o r  S- band upl ink  and downlink while  
t he  s p a c e c r a f t  i s  on the  l a u n c h  pad.  

** 3 .  4. 2. 3  U m b i l i c a l  L ink .  T h e  u m b i l i c a l  l ink  s h a l l  p r o v i d e  t h e  following: 

a )  Moni tor ing  of s p a c e c r a f t  p e r f o r m a n c e  v ia  the c o m p o s i t e  
t e l e m e t r y  s igna l .  

b) Capabi l i ty  t o  p r e p a r e  the  s p a c e c r a f t  f o r  l aunch  only w h e r e  r a d i o  
c o m m a n d s  canno t  d o  so .  T h i s  i n c l u d e s  the  capab i l i t y  t o  a r m  
the  sol id  r o c k e t  m o t o r  and  t o  load the  F D S  M e m o r y .  

c )  D i r e c t  m o n i t o r i n g  of s u b s y s t e m  func t ions  r e l a t e d  t o  safe ty  
w h e r e  c o m p o s i t e  t e l e m e t r y  wi l l  not  su f f i ce .  T h i s  i nc ludes  the  
capab i l i t y  t o  m o n i t o r  t h e  S a f e / A r m  s t a t u s  of t h e  P y r o t e c h n i c  
Switching Unit (PSU)  a n d  so l id  r o c k e t  m o t o r .  

d )  Capabi l i ty  t o  r e s e t  a r m i n g  func t ions  r e l a t e d  t o  p r o p u l s i o n  and 
p y r o t e c h n i c s .  

D e t a i l  u m b i l i c a l  i n t e r f a c e s  a r e  spec i f ied  in MJS77-3-110.  

3.  4. 2. 4  Indef in i te  Hold Capabi l i ty .  T h e r e  s h a l l  be capab i l i t y  d u r i n g  the 
coutdown of a n  inde f in i t e  hold,  w i thou t  the  n e c e s s i t y  of r e c y c l i n g .  
In the  e v e n t  of a  s c r u b  wh ich  d o e s  not r e q u i r e  a c c e s s  t o  t he  s p a c e -  
c r a f t ,  the  s p a c e c r a f t  s h a l l  be c a p a b l e  of being r e - s c h e d u l e d  f o r  a 
l aunch  on the  following day .  

6; 3. 4 .  2 .  5 Encapsu la t ion .  The  s p a c e c r a f t  s h a l l  have  the  capabi l i ty  of being 
e n c a p s u l a t e d  f o r  up t o  a m a x i m u m  of 30 d a y s .  

c 3 . 4 . 3  F l i g h t  Sequence  

Al l  s p a c e c r a f t  s u b s y s t e m s  s h a l l  be c o m p a t i b l e  w i t h  the f l igh t  
s e q u e n c e  d e s c r i b e d  i n  MJS77- 3 -  120  and  the  r e q u i r e m e n t s  
l i s t ed  i n  the fol lowing p a r a g r a p h s .  

3 .4 .  3 . 1  Launch  

3. 4 .  3 .  1 .  1 R o l l  R a t e .  D u r i n g  l aunch ,  the  L V  m a y  g e n e r a t e  a c c e l e r a t i o n s  about  
the  s p a c e c r a f t  r o l l  a x i s .  T h e  m a x i m u m  occurs -  a t  so l id  r o c k e t  m o t o r  
s e p a r a t i o n  when  the  a c c e l e r a t i o n  m a y  b e  60"  / sL  unt i l  a  m a x i n l u m  r a t e  
of 15"  / s  is r e a c h e d .  

-* 



*3. 4. 3. 1. 2 Separation Rates .  At spacecraf t /LV separation the relative 
separation rate  shal l  be 0 .  5 m / s .  The post separation S / C  rate 
shall  be l e s s  than 26  m r / s .  The Centaur residual rate pr ior  to 
separation will be l e s s  than 3 .  5 m r l s .  

At PM jettison, the realt ive separation ra te  between the PM and MM 
shal l  be 0.66 m l s .  The MM post jettison ra tes  shal l  be l e s s  than 
22 m r / s  about the pitch axis and l e s s  than 4 5  m r / s  about the yaw 
axis. The spacecraf t  residual r a t e  p r io r  to PM jettison shall  be l e s s  
than 1 m r / s  about the pitch axis and l e s s  than 4 m r / s  about the yaw 
axis. 

#s 3 . 4 .  3. 1. 3  Operation During Vibration and Shock. During periods of vibration 
a t  launch and pyrotechnic shock, the DSS will be operated continu- 
ously a t  the 7.2 kbps tape speed. 

C 3 . 4 .  3. 1.4 High Rate Telemetry.  Engineering te lemetry will be transmitted in 
real- t ime in the high ra te  engineering mode f rom pr ior  to launch 
vehicle / spacecraf t  separation until sun acquisition. 

C 3 . 4 .  3. 1. 5 Pyrotechnic Safe/Arm. Pyrotechnic devices shall be safed by 
inhibiting the application of power to the firing circui ts .  Arming 
(application of power to the firing circui ts)  shall be accomplished 
af te r  launch. 

3. 4. 3.  1. 6 Initiation of the Propulsion Module Sequence. After MEC02, the 
LV will provide a 28-Vdc signal to  the pyrotechnic subsystem (PYRO). 
Upon receipt  of the 28-Vdc signal, PYRO shall  a r m  the firing c i r -  
cuits and supply a switch closure to  CCS for  initiation of the PM 
sequence of events. The CCS shall  not respond to a PYRO switch 
closure p r io r  to launch plus T s, where T i s  a function of the launch 
t rajectory.  

rle 3. 4. 3. 1. 7 Orientation. To ensure  compliance with constraints  to keep the sun 
f r o m  entering the field-of-view (FOV) of the science instruments,  the 
orientation of the spacecraf t  shall  b e  controlled f r o m  spacecraf t /LV 
separat ion to  sun acquisition. 

#$ 
3 . 4 .  3. 1.8 Disturbance Torque During Injection. The placement, orientation, 

and alignment of a l l  spacecraf t  elements that contribute to the 
generation of disturbance torques about the three  spacecraf t  axes 
shal l  be controlled such that the maximum disturbance about the 
pitch o r  yaw axes shal l  be l e s s  than 5 3 3  n-m ( 3 9 3  ft-lb) (RSS) and 
about the rol l  axis shal l  be l e s s  than 22. 5 n-m (16.6 ft-lb)(RSS). 

4 3 . 4 .  3. 2 Cruise  

* 3.  4. 3. 2. 1 Thrus ter  Operation. No mission sequence will requi re  the s imul-  
taneous actuation of both active and redundant th rus t e r s  (i. e. , 
t h rus t e r s  providing the s a m e  control polarity about a given axis).  

* 3 . 4 .  3. 2. 2 Near Ear th  Antenna Pointing. In o r d e r  to maximize the capability 
of the down link communications, p r io r  to the t ime when the ear th  
probe sun angle becomes l e s s  than the FOV of the c ru ise  sun sensors ,  



t h e  c r u i s e  s u n  s e n s o r  s h a l l  b e  b i a s e d  to  poin t  t h e  M M  r o l l  a x i s  as 
n e a r  t h e  e a r t h  a s  p o s s i b l e  wi th in  t h e  s e n s o r  f i e ld  of v iew c o n s t r a i n t s  
and  M M  t h e r m a l  c o n s t r a i n t s .  

1 3. 4. 3. 2. 3  D i s t u r b a n c e  T o r q u e .  Dur ing  c r u i s e  t h e  M M  s h a l l  b e  d e s i g n e d  to 
a c c o m m o d a t e  s o l a r  and  RTG g e n e r a t e d  t o r q u e s  wi th  m a g n i t u d e s  
51. 36 x 10-5  n - m  (10 -5  f t - l b )  abou t  t h e  p i tch ,  yaw, o r  r o l l  ax is .  

*3 .4 .3 .3  T r a j e c t o r y  C o r r e c t i o n  M a n e u v e r s  

3.4.  3.  3. 1  T u r n  D u r a t i o n  and  Di rec t ion .  T e m p e r a t u r e  c o n t r o l  of  t h e  M M  
i m p o s e s  a  c o n s t r a i n t  o n  t h e  t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r  d u r a -  
t ion when the  M M  i s  within 2 A U  of t he  s u n .  T h e  de t a i l ed  con-  
s t r a i n t s  a r e  s p e c i f i e d  i n  MJS77-3-210.  

3.4. 3. 3. 2  T h r u s t  Dura t ion .  T h e  d u r a t i o n  of t h e  t h r u s t i n g  p e r i o d  s h a l l  b e  a  
t i m e  func t ion  c o n t r o l l e d  b y  the  CCS. F r o m  1 to  2 AU t h e  fol lowing 
equat ion  wil l  b e  u s e d  t o  d e t e r m i n e  t h e  m a x i m u m  d u r a t i o n  of a TCM 
b u r n ,  1. 0  h o u r  x ( A U ) ~ .  A f t e r  2 AU t h e  m a x i m u m  T C M  veloc i ty  
i n c r e m e n t  t h e  MM i s  c a p a b l e  of p e r f o r m i n g  i s  70 m / s ,  which  c o r r e -  
s p o n d s  to  a  m a x i m u m  b u r n  d u r a t i o n  of 8 - 1  / 2  h o u r s .  

3% 3. 4. 3. 3. 3  T e l e m e t r y .  E n g i n e e r i n g  t e l e m e t r y  d u r i n g  T r a j e c t o r y  C o r r e c t i o n  
t- M a n e u v e r s  wil l  b e  r e c o r d e d  in  t h e  h igh  r a t e  e n g i n e e r i n g  m o d e  f o r  

l a t e r  p layback .  

3. 5  O p e r a b i l i t y  * 3.  5. 1  Re l i ab i l i t y  

Al l  e l e m e n t s  of t h e  MJS77 S p a c e c r a f t  S y s t e m  s h a l l  m e e t  t he  r e l i a -  
b i l i t y  c r i t e r i a  de f ined  i n  MJS77-2-  100. 

* 3 .  5 . 1 . 1  Redundancy .  W h e r e  i m p l e m e n t a t i o n  of t he  r edundancy  r e q u i r e m e n t s  
spec i f ied  in  MJS77-2-100 u s e s  block r edundancy ,  r edundan t  e l e m e n t s  
a t  t he  p rov i s ioned  s p a r e  l e v e l  a r e  spec i f i ed  in  MJS77-3-230.  Where  
s tandby r edundancy  i s  u s e d ,  a n  add i t i ona l  r e q u i r e m e n t  s h a l l  be t h a t  
no  s ing le  poin t  f a i l u r e  i n  the swi tch ing  s h a l l  p r e v e n t  t r a n s f e r  t o  the 
s tand  by unit. 

Re l i ab i l i t y  m a y  be enhanced  by d e c r e a s i n g  the s i z e  of the r edundan t  
b locks ;  t h e r e f o r e ,  r e d u n d a n t  b lock  s i z e  s h a l l  be d e t e r m i n e d  on the  
b a s i s  of t r a d e  s t u d i e s  wh ich  c o n s i d e r  i m p r o v e d  r e l i a b i l i t y  v e r s u s  
swi tch ing  r e l i a b i l i t y ,  i n c r e a s e d  c r o s s - s t r a p p i n g  complex i ty ,  add i -  
t iona l  power  d i s s i p a t i o n ,  i n c r e a s e d  s p a c e c r a f t  m a s s ,  and  expenda-  
t u r e  of p r o j e c t  r e s o u r c e s .  

c 3 . 5 . 1 . 2  F a u l t  Sens ing  and  C o r r e c t i o n  Rou t ines .  T h e  capab i l i t y  of on- boa rd  
f a u l t  s e n s i n g  and  c o r r e c t i o n  r o u t i n e s  s h a l l  be  l i m i t e d  t o  t h e  m i n i m u m  
r e q u i r e d  t o  a s s u r e  r e c o v e r y  f r o m  a f a i l u r e  wi th  m a x i m u m  u s e  of 
g round  s t a t i o n  capab i l i t y .  A s  a  m i n i m u m ,  on- boa rd  f au l t  s ens ing  
and  swi tch ing  s h a l l  be  p rov ided  to  e n s u r e  a  s t a b l e  MM s t a t e  ( t h e  
MM i s  capab le  of r e m a i n i n g  i n  t h i s  s t a t e  un t i l  r e c e p t i o n  of ground 
c o m m a n d s )  f r o m  which  n o m i n a l  p e r f o r m a n c e  c a n  be r e s t o r e d  v ia  
i n t e r a c t i o n  wi th  the  g round  s t a t i ons .  F o r  e x a m p l e ,  t he  capab i l i t y  
of the M M  to  r e spond  t o  g round  c o m m a n d s  would be p r e s e r v e d  



with the h ighes t  p r i o r i t y ;  the  second p r i o r i t y  m a y  be to p r e v e n t  l o s s  
of consumables ;  while the p r e s e r v a t i o n  of t e m p e r a t u r e  con t ro l  to 
the  extent  tha t  t e m p e r a t u r e s  m a y  exceed d e s i g n  l i m i t s  but not s u r -  
v ival  l i m i t s ,  m a y  a l s o  c o m p e t e  f o r  second p r i o r i t y .  Retent ion of 
the  capabil i ty to  t r a n s m i t  engineer ing d a t a  without ground i n t e r -  
ac t ion  sha l l  be a goal .  

3. 5 . 1 . 3  Exempt ions .  In s o m e  c a s e s  w h e r e  adequate  d e s i g n  m a r g i n  and 
d e r a t i n g  have been employed,  speci f ic  exempt ions  to the  s ingle  
f a i l u r e  c r i t e r i a  m a y  be g ran ted .  Exempt ions  f o r  the  s u b s y s t e m  
a r e  l i s t ed  i n  Sect ion 4. 0 ,  S u b s y s t e m  R e q u i r e m e n t s .  

$s 3 .  5. 1. 3 .  1 Cabling.  Cabling s h a l l  be cons ide red  f r e e  of f a i l u r e  resu l t ing  in  
s h o r t s .  

* 3. 5 . 1 . 4  S p a c e c r a f t l L a u n c h  Complex  In te r face .  Techn iques  sha l l  be 
employed in  the  d e s i g n  of the  s p a c e c r a f t / l a u n c h  complex  i n t e r f a c e  
to  m e e t  the  r e q u i r e m e n t  tha t  no s ingle  f a i l u r e  s h a l l  r e q u i r e  the 
r e m o v a l  of the  s p a c e c r a f t  f r o m  the launch vehic le  in  o r d e r  to  con- 
d i t ion  the s p a c e c r a f t  to  the launch m o d e  o r  to  a s c e r t a i n  tha t  it is in 
the  launch mode .  

3. 5.2 Maintenance  and R e p a i r  

3. 5 . 2 . 1  R e s t r i c t i o n s .  Maintenance  of the  s p a c e c r a f t  dur ing s y s t e m  l e v e l  
t e s t ing  sha l l  be r e s t r i c t e d  to  the r e m o v a l  and r e p l a c e m e n t  of equip- 
m e n t  a t  the provis ioned s p a r e s  level .  

3 .  5 . 2 . 2  S y s t e m  T r i m m i n g .  S y s t e m  l e v e l  e l e c t r i c a l  t r i m m i n g ,  m e c h a n i c a l  
a d j u s t m e n t  o r  a l ignment  s h a l l  be such  tha t  these  p a r a m e t e r s  a r e  
exact ly  and uniquely es tab l i shed  i n  the even t  of s u b s y s t e m  d i s a s s -  
embly  and a s s e m b l y  of the s p a c e c r a f t .  

3. 5 . 2 . 3  Subsy s t e m  T r i m m i n g .  S u b s y s t e m  o r  l o w e r  l e v e l  e l e c t r i c a l  p a r a m -  
e t e r  t r i m m i n g ,  m e c h a n i c a l  ad jus tment ,  o r  a l ignment  s h a l l  be 
p e r f o r m e d  p r i o r  to subsys tem-f l igh t  accep tance  ( F A )  tes t ing  and 
sha l l  not be subsequent ly  changed. 

3. 5. 2. 4 H a r d w a r e  Modificat ions.  Modificat ion to  f l ight  h a r d w a r e  a f t e r  i t s  
sh ipment  t o  A F E T R  sha l l  be l imi ted  to those  r e q u i r e d  to c o r r e c t  
de f i c ienc ies  o r  f a i l u r e s  d i sc losed  a f t e r  sh ipment .  

* 3. 5 . 2 .  5 A F E T R .  R e p a i r s  t o  be effected a t  A F E T R  sha l l  be l imi ted  to those  
f a i l u r e s  which a r e  d i s c o v e r e d  a t  A F E T R .  Fa i l ed  a s s e m b l i e s  sha l l  
be r e p a i r e d  i n  des ignated main tenance  c e n t e r s .  Should r e p a i r  be 
accompl i shed  by r e p l a c e m e n t  of a s s e m b l i e s ,  t h e s e  a s s e m b l i e s  s h a l l  
have  had a n  accep tab le  qual i f ica t ion t e s t  h i s to ry .  T h e  t e s t  h i s t o r y  
s h a l l  include qual i f ica t ion in  a ful ly a s s e m b l e d  s p a c e c r a f t  a s  
p r a c t i c a l  f o r  the  a s s e m b l y  type involved. 

3. 5 . 2 . 6  Fl ight .  The MM sha l l  be capab le  of mainta in ing a c r u i s e  phase  
opera t iona l  s t a t e  and a t t i tude  f o r  a t  l e a s t  24 h o u r s  without ground 
in tervent ion,  excep t  dur ing the s u p e r i o r  conjunction per iod s ,  when 
the  r e q u i r e m e n t  s h a l l  be f o r  10 d a y s  without ground in tervent ion.  



Lifet ime 

The MM equipment sha l l  have operat ing and /o r  s t o r age  life, a s  
applicable fo r  a post  launch flight durat ion a s  specified in MJS77-2- 
100, pa r ag raph  6.2, and a s  modified by paragraph  3. 12. The equip- 
men t  jettisoned with the  P M  a r e  exempt  f r o m  the  4 y e a r  flight 
requirement .  Total  l i f e - t ime  of a l l  spacec ra f t  equipment sha l l  
accommodate  a pre launch s y s t e m  t e s t  p r o g r a m  of one y e a r  in  
addition to the flight requ i rements .  

3. 5 . 4  Environments  

The spacecra f t  shall  be compatible with the requ i rements  of 
MJS77- 3-240, Environmental  Design Requi rements .  

* 3 .  5. 5 Safety 

All spacecra f t  subsys tems  and support  equipment shal l  incorporate  
protection fo r  personnel  and del icate  hardware  consis tent  with the 
p rocedu re s  in PD618- 54, Safety P lan .  In o rde r  to p ro tec t  delicate 
f l ight  equipment,  the handling and operational  cons t ra in t s  of space-  
c r a f t  subsys tems ,  a s  specified in Section 8 ,  Safety Considerations 
of each  level  4 functional requirement,  shall  be s t r i c t ly  observed.  
The spacecra f t  design shall  m e e t  the intent  of AFETRM 127-1, 
R ange Safety Manual. 

# 3 .  5. 5.1 Solid Motor Sa fe /Arm.  The s a f e / a r m  mechanical  pin shall  r emain  
instal led a t  a l l  t imes  f r o m  instal lat ion of igniter  squibs until space-  
c r a f t  encapsulation.  The rea f t e r ,  the s a f e / a r m  s ta tus  indicator 
shal l  be continuously moni tored until liftoff. E lec t r i ca l  actuation 
of the  s a f e / a r m  device shal l  occur  just p r i o r  to liftoff. 

3.6 Design and Construction 

3.  6. 1 Gener  a1 

3 .  6 .  1. 1 Interchangeabil i ty and Replacement .  Fl ight  spacecra f t  and adap te rs  
sha l l  b e  in terchangeable  with one another with r e spec t  to mechanical ,  
e l ec t r i c a l  and functional  cha rac t e r i s t i c s .  

3 .6 .  1. 1. 1 Mechanical. Mechanical  in terchangeabi l i ty  sha l l  ex i s t  between the 
consti tuents o r  s e t s  of like equipment a t  the  a s sembl i e s ,  subas sem-  
bl ies ,  and replaceable  p a r t s  level. 

3. 6. 1. 1 .2  E lec t r i ca l .  E l ec t r i c a l  interchangeabil i ty sha l l  ex i s t  a t  the  replace  - 
able  s p a r e  l eve l  between a l l  s e t s  of l ike  equipment. 

3. 6. 1. 2 Elect romagnet ic  Compatibil i ty (EMC) 

3. 6 .  1. 2. 1 Exte rna l  Elect romagnet ic  In te r fe rence  (EMI). The  design of the  - 
spacecra f t  sha l l  be  such  that  i t  i s  insensi t ive  to  the  ex te rna l  e lec t ro -  
magnet ic  environments  specified in  MJS77 - 3-240. 



3. 6. 1.2.2 Internal EMI. The conducted and radiated electromagnetic in te r -  
ference generated by any of the spacecraf t  subsystems shall  be 
suppressed such that it does not exceed the levels specified in 
M J S ~ ~ - 3  -240. To satisfy the Magnetic Field res t ra in ts  of 
MJS77- 3- 240, consideration shal l  be given to not using ferromagnet ic  
mater ial .  Hard magnets may requi re  the addition of s imi lar  mag- 
nets a r ranged to reduce the total  field. Current  loops which induce 
magnetic fields m a y  require  compensating loops. 

3.6. 1.2. 3 Conducted Transient  Susceptibility. Spacecraft  signal input inter - 
face  circui ts  shal l  be immune to the t ransient  voltages o r  cur rents  
a s  specified in MJS77-3-240. 

3.6. 1. 3 Equipment Identification and Marking 

Assembly and subassembly reference numbers ,  where applicable, 
a r e  established in MJS77-3-230. 

3. 6.2 Electr ical  Design Cr i te r ia  

3.6.2. 1 Elec t r ica l  Interfacing and Grounding. The design of spacecraf t  
sys tem e lec t r ica l  interfacing and grounding shall  meet  the requi re-  
ments  specified in MJS77-3-260, Electr ical  Grounding and Interfacing. 

* 3. 6.2. 1. 1 Redundancy. Input o r  output end-circuits of parallel-connected 
redundant blocks including power supplies shal l  be designed fo r  
minimum probability of failing shorted. 

* 3.6.2.2 High Voltages. The design of e lec t r ica l  c i rcui ts  using voltage in 
excess  of 250 V shal l  meet  the requirements  of MJS77-3-220. - 
Electronic Equipment Design. 

3 .6 .2 .3  Electr ical  Loads. The spacecraf t  e lectr ical  equipment (with the 
exception of that equipment powered directly from the battery) shall 
m e e t  the requirements  listed below: 

a )  All loads shall  be compatible with the power allocations 
specified in MJS77-3-250. 

b) A l l  load s shall operate within specifications throughout the 
type approval temperature range with the following variations 
in voltage a t  the use r  input: 

2 . 4  kHz (Vrms)  D C  (Vdc) 

Transient  Maximum 53. 5 31. 5 

Steady State Maximum 52. 5 30.75 

Design Value 50.0 30. 0 

Steady State Minimum 47. 5 29.25 

Transient  Minimum 46. 5 28. 5 



D u r a t i o n  of vo l tage  e x c u r s i o n s  ou t s ide  the  s t e a d y  s t a t e  r a n g e  
s h a l l  not  e x c e e d  5 ms. D u r a t i o n  of vo l t age  e x c u r s i o n  ou t -  
s i d e  the  t r a n s i e n t  r a n g e  s h a l l  no t  e x c e e d  1 0  ps .  

Al l  l o a d s  s h a l l  be a b l e  t o  u n d e r g o  input  vo l t ages  r ang ing  f r o m  
z e r o  v o l t s  t o  a  m a x i m u m  which  e x c e e d s  the  n o m i n a l  by 
1 5  p e r c e n t  f o r  a  m a x i m u m  d u r a t i o n  of 2  s ,  wi th  r e s e t  t o  a  
p r e d i c t a b l e  s t a t e  and  s u b s e q u e n t  r e s u m p t i o n  of n o r m a l  
ope r a t ion .  

All  l o a d s  s h a l l  be c o m p a t i b l e  wi th  the  g round ing  and in t e r f ac ing  
r e q u i r e m e n t s  spec i f ied  i n  MJS77-  3- 260. 

Load  c h a n g e s  f o r  l o a d s  powered  by the d c  bus  s h a l l  no t  exceed  
100  W ,  and  load  c h a n g e s  f o r  l oads  powered  by the  2 .  4  kHz 
s h a l l  no t  e x c e e d  50 W.  S t eady  s t a t e  l o a d s  and  load t r a n s i e n t s  
a r e  f u r t h e r  sub jec t ed  to  the c o n s t r a i n t s  of MJS77-3-250 wi th  
the  excep t ion  t h a t  load c h a n g e s  con t ro l l ed  by the  CCS s h a l l  be 
a l lowed a  swi tch ing  t r a n s i e n t  ( e x c u r s i o n  above  s t e a d y  s t a t e )  
wi th  t o t a l  e n e r g y  of l e s s  t han  4 Ws. L o a d  c h a n g e s  s h a l l  n o t  
c a u s e  c u r r e n t  r a t e s  t o  exceed  0. 066 A l p s  f r o m  the 2 . 4  kHz 
b u s  o r  0 . 1 5 0  A / p s  f r o m  the d c  b u s  f o r  m o r e  than  10 ps .  

P o w e r  f a c t o r  ( r a t i o  of a v e r a g e  power  p e r  cyc l e  t o  the  p r o d u c t  
of r m s  vol tage  and  c u r r e n t )  s h a l l  be be tween 0 . 9 5  and unity 
f o r  2 . 4  kHz loads .  P o w e r  f a c t o r  c o r r e c t i o n  c a p a c i t o r s ,  if 
u s e d ,  s h a l l  no t  be p laced  d i r e c t l y  a c r o s s  t he  a c  b u s e s .  

No a c  l o a d s  s h a l l  i n t r o d u c e  m o r e  t h a n  1 .  0 m A  of d i r e c t  
c u r r e n t  i n t o  t h e  output  of the  i n v e r t e r  u n d e r  n o r m a l  o p e r a t i o n  
o r  m o r e  than  10  m A  wi th  a  s ing le  f a i l u r e .  

L o a d s  powered  f r o m  the  d c  s o u r c e  s h a l l  n o t  i n t r o d u c e  a  r i pp le  
c u r r e n t  ( u p  t o  50 kHz) w h o s e  peak - to -peak  m a g n i t u d e  i s  
g r e a t e r  t han  1  p e r c e n t  of t he  a v e r a g e  s t e a d y - s t a t e  c u r r e n t  
when  ope ra t ing  f r o m  a s o u r c e  wi th  a  d y n a m i c  i m p e d a n c e  of 
l e s s  t han  0 . 1  ohm.  

All s u b s y s t e m s  t h a t  u s e  2 . 4  kHz power  s h a l l  o p e r a t e  within 
spec i f i ca t ion  wi th  f r e q u e n c y  v a r i a t i o n  of *0 .002  p e r c e n t  of 
the  n o m i n a l  f r e q u e n c y  th roughou t  the type  a p p r o v a l  t e m p e r a -  
t u r e  r a n g e ,  and s h a l l  func t ion  to  t he  e x t e n t  t h a t  the capabi l i ty  
of t h e  s p a c e c r a f t  t o  r e c e i v e  and  p r o c e s s  g round  c o m m a n d s  i s  
no t  i m p a i r e d  when  the f r e q u e n c y  i s  2400 Hz *6 p e r c e n t .  In 
add i t i on ,  a l l  s u b s y s t e m s  s h a l l  have known ope ra t ing  c h a r a c -  
t e r i s t i c s  o v e r  t he  *6 p e r c e n t  f r e q u e n c y  r a n g e  and  s h a l l  
r e s u m e  in  spec i f i ca t ion  o p e r a t i o n  when  the f r e q u e n c y  r e t u r n s  
t o  2400 * O .  002 p e r c e n t .  

A C  l o a d s  s h a l l  o p e r a t e  wi th in  spec i f i ca t ion  when the  r i s e  r a t e  
of t he  input w a v e f o r m  i s  no t  cons t an t .  A t y p i c a l  w a v e f o r m  i s  
shown in  F i g u r e  1 .  
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f 3 . 6 . 2 . 4  Osci l la tor  Synchronization.  All osci l la tor  c i r cu i t s  and a l l  
countdown c i r cu i t s  operating in the range of 10 Hz t o  1 .  3 MHz shall  
be a ha rmonic  of the 2 . 4  kHz power.  

MM subsys t ems  (excep t  fo r  MAG) shal l  avoid the use  of the following 
f requenc ies  (and the i r  second harmonic) :  12 .600  kHz (25.  200 kHz), 
13.400 kHz (26.880 kHz), 15.120 kHz (30 .240  kHz) and 16 .128  kHz 
(32.  256 kHz). 

+ 3 . 6 .  2. 5 Continuity t e s t s .  When the capabil i ty t o  functionally ver i fy  the 
in tegr i ty  of the cabling a f t e r  f inal  mat ing of a sy s t em connector 
d o e s  not ex i s t ,  p rov i s ions  shal l  be m a d e  to  ver i fy  the continuity of 
each  function used in the connector.  

#+3.6 .  3 Mechanical  Design C r i t e r i a  

,, 3. 6.  3 .  1 Genera l .  During a l l  phases  of the a s s emb ly ,  t e s t ,  and flight 
%? prepara t ion  ac t iv i t i e s ,  handling equipment  shal l  be provided (where 

requ i red) to  ensu re  that  the spacecra f t ,  MM, and components of the 
MM that  a r e  separa ted  f r o m  the MM a r e  not subjected to loads  that  
exceed expected flight loads  except  during those t e s t s  specif ical ly 
designed to suppor t  the  environmental  t e s t  p rog ram.  

C 3. 6. 3.  2 Deployable Elements .  When deployable e lements  des igned f o r  
deployment in  a z e r o  "g" f ield a r e  deployed in  a "1-g" f ie ld  f o r  
test ing,  sufficient  a ssembly ,  handling, and shipping equipment 
(AHSE) sha l l  be  provided to  p rec lude  damage  and mainta in  stabil i ty.  

Deployable e l emen t s  include the sc ience  boom, s c i ence  s can  pla t -  
f o r m ,  RTG boom, magne tome te r  boom, and p lane ta ry  rad io  a s t ron -  
o m y  antennas.  

#$ 3. 6. 3. 3 Propuls ion  

3. 6. 3. 3. 1 TCAPU Assembly.  The TCAPU sha l l  all b e  in tegra ted  together  on 
its AHSE. 

*3. 6. 3.  3.  2 IPU Assembly.  The IPU sha l l  a l l  b e  in tegra ted  toge ther  on its 
AHSE. 

r 3 . 6 .  3.  3. 3 Propu ls ion  Assembly.  The  TCAPU and the  IPU a r e  in tegra ted  
with the requ i red  s t r u c t u r e  into a mechanical ly  definable module.  
The spacec r a f t  s t r u c t u r e  wil l  allow the module to  be removed f rom 
or  instal led on the spacec r a f t  in e i the r  the d r y  o r  se rv iced  condition. 

3 .6 .  3. 4 S t ruc tu r a l  Design Cr i t e r i a .  All  e lements  of the  f l ight  h a r d w a r e  
sha l l  m e e t  the  r equ i r emen t s  of MJS77 - 3 - 190,  S t ruc tu r a l  Design 
Cr i t e r i a .  

%. 3. 6. 3. 5 T e m p e r a t u r e  Control  Design Cr i t e r i a .  All e l emen t s  of the  flight 
h a r d w a r e  sha l l  m e e t  the  r equ i r emen t s  of MJS77 -3-2 10. 

*,, 3. 6 .  3 . 6  Configuration. The  configuration sha l l  m e e t  the  r equ i r emen t s  
specif ied in MJS77- 3 -  180. 



Alignments .  F l igh t  h a r d w a r e  s h a l l  be compat ib le  with the  
m e c h a n i c a l  a l ignment  r e q u i r e m e n t s  specif ied in  MJS77- 3- 170.  
S u b s y s t e m s  requ i r ing  bores igh t  a l ignment  sha l l  be al igned a t  the 
s u b s y s t e m  leve l  with r e s p e c t  to m e c h a n i c a l  r e f e r e n c e s .  S y s t e m  
leve l  a s s e m b l y  wi l l  be r e s t r i c t e d  to  a l ignment  ver i f ica t ion with 
r e s p e c t  to  s u b s y s t e m  mounted r e f e r e n c e  m i r r o r s  and the  sc ience  
s c a n  p la t fo rm m i r r o r .  F ie ld-of-view or ien ta t ion  checks  a r e  
p e r m i s s i b l e ,  but a l ignment  t r i m m i n g  sha l l  not be p e r f o r m e d  a t  
the s y s t e m  level .  

T h r u s t  Vector  Alignment.  The solid m o t o r  t h r u s t  vec to r  f inal  
a l ignment  f o r  e a c h  s p a c e c r a f t  s h a l l  be accompl i shed  a f t e r  space-  
c r a f t  a s s e m b l y  and c e n t e r  of m a s s  de te rmina t ion .  

T e s t  I n t e r f a c e s  

The s p a c e c r a f t  and i t s  t e s t  suppor t  equipment  ( S E )  sha l l  be capable  
of providing s y s t e m  and launch t e s t  evaluat ion through the following 
i n t e r f a c e s ,  f u r t h e r  defined in  PD618-206.  

S-Band In te r face  

The abi l i ty  to t r a n s m i t  and r e c e i v e  a t  S-band f o r  the purpose  of 
commanding the s p a c e c r a f t ,  receiving t e l e m e t r y ,  and ranging i s  
r equ i red  of the  SE. 

X- Band In te r face  

The  abi l i ty  to r e c e i v e  X-band fo r  the  p u r p o s e  of receiving t e l e m e t r y  
and ranging i s  r equ i red  of the  SE. 

S t imula to r  / S e n s o r  In te r face  

S t i m u l a t o r s ,  such  a s  incandescen t  l a m p s ,  and s e n s o r s ,  such a s  g a s  
je t  d e t e c t o r s ,  wi l l  be mounted on o r  n e a r  the  s p a c e c r a f t .  

Umbi l i ca l  In te r face  

Monitoring of pyrotechnic  s u b s y s t e m  s t a t u s ,  and s i m i l a r  functions 
f o r  o t h e r  s p a c e c r a f t  s u b s y s t e m s  a r e  accompl i shed  o v e r  the  umbi l i ca l  
l i n e s ,  in  the f ina l  i n t e r v a l  before  commit t ing  to launch.  T h e s e  
functions a r e  a l s o  ava i l ab le  in  the s y s t e m  t e s t  configurat ion.  The 
T - 4  umbi l i ca l  connector  r e m a i n s  connected unti l  4 s  before  liftoff,  
The compos i t e  t e l e m e t r y  s ignal  i s  included in th i s  in te r face .  Those  
functions which a r e  r e q u i r e d  to sa fe  the  s p a c e c r a f t  a f t e r  a n  a b o r t  
sha l l  be in  the T - 0  umbi l i ca l  which r e m a i n s  connected until  liftoff. 

D i r e c t  A c c e s s  In te r face  

Funct ions  not ava i l ab le  o v e r  o t h e r  i n t e r f a c e s ,  which a r e  n e c e s s a r y  
i n  the s y s t e m  t e s t  conf igura t ion sha l l  be c a r r i e d  o v e r  the  d i r e c t  
a c c e s s  in te r face  l ines .  T h e s e  l i n e s  connect  each  s p a c e c r a f t  sub- 
s y s t e m  with i t s  a s s o c i a t e d  SE. 



3.7.  6 T e s t  Configurat ion 

3. 7. 6. 1 S y s t e m  T e s t  Configurat ion.  T h e  s p a c e c r a f t  s h a l l  be  t e s t ab le  a s  a  
s v s t e m  in the  s y s t e m  test configurat ion.  E a c h  functioning s u b s y s -  
t e m  s h a l l  b e  t e s t a b l e  in th i s  coLfiguration when connected-by d i i e c t  
a c c e s s  cab les  t o  t e s t  s i m u l a t o r s ,  t e s t  s e n s o r s  and a s s o c i a t e d  sub-  
s y s t e m  SE. F l igh t  s u b s y s t e m  a s s o c i a t e d  S E  wil l  b e  augmented by 
o the r  SE p e r f o r m i n g  opera t iona l  functions s u c h  a s  t iming and data  
p rocess ing .  S E  des ign  considera t ion  s h a l l  b e  given to  those  physica l  
and functional  c h a r a c t e r i s t i c s  n e c e s s a r y  f o r  fu l l  suppor t  of the  s y s -  
t e m  t e s t  configurat ion.  T h e  t e s t  s o f t w a r e  s h a l l  be  r e p r e s e n t a t i v e  of 
flight so f tware .  It  s h a l l  contain t h e  s a m e  a lgor i thms ,  u t i l i ze  t h e  
s a m e  input and p roduce  the  s a m e  outputs  a s  a r e  r e q u i r e d  f o r  flight.  
T iming  re la t ionsh ips  m a y  v a r y  t o  a c c o m m o d a t e  an  eff icient  t e s t  
schedule .  

3. 7 .6 .  2 Launch T e s t  Configurat ion.  The s p a c e c r a f t  wil l  be conditioned f o r  
launch and i t s  launch r e a d i n e s s  ver i f ied  in the  launch t e s t  configura-  - 
t ion. T h e r e  s h a l l  b e  no  s u b s y s t e m  opera t ion  and ver i f ica t ion  c a r r i e d  
out in th i s  configurat ion excep t  tha t  which i s  r equ i red  to  suppor t  
and opera te  the s p a c e c r a f t  dur ing  the launch phase .  In th i s  
conf igura t ion ,  the only in te r face  i s  via the  umbi l ica l  ( the  d i r e c t  
a c c e s s  i n t e r f a c e  i s  not ava i l ab le ) .  Umbi l ica l  funct ions  a r e  l imi ted  
to  those  i t e m s  r e q u i r e d  to suppor t  the  launch p r e p a r a t i o n s  and 
launch and to  moni to r  a n d / o r  con t ro l  a  few spec ia l  i t e m s  re la t ed  to  
safe ty .  Launch SE in the launch complex t r a i l o r s  and the s y s t e m  
t e s t  SE in Building A0 par t i c ipa te  jointly. 

SUBSYSTEM REQUIREMENTS 

The following p a r a g r a p h s  l i s t  the  funct ions ,  s ingle point f a i l u r e  c r i -  
t e r i a  exempt ions ,  and s y s t e m  l e v e l  r e q u i r e m e n t s  and c o n s t r a i n t s  for  
e a c h  s u b s y s t e m .  No a t t e m p t  h a s  been m a d e  t o  d i f fe ren t i a t e  between 
r e q u i r e m e n t s  and c o n s t r a i n t s .  In keeping with the guidel ines  tha t  a  
r e q u i r e m e n t  o r  c o n s t r a i n t  should be located  i n  one p lace  only,  the  
r e q u i r e m e n t  o r  c o n s t r a i n t  i s  l i s t ed  f o r  the s u b s y s t e m  that  would be 
re spons ib le  f o r  the implementa t ion .  The composi t ion  of e a c h  sub- 
s y s t e m  i s  specif ied i n  MJS77-3-230,  and i s  not r epea ted  h e r e .  

4. 1 S t r u c t u r e  S u b s y s t e m  (STRU) 

4. 1. 1 Funct ion  

T h e  STRU prov ides  

a )  Mechan ica l  s u p p o r t  and a l ignment  f o r  a l l  f l ight  equipment  

b )  Meteoro id  p ro tec t ion  

c )  Radia t ion  p ro tec t ion  



In addition, the s t ruc ture  becomes an integral par t  of the EM1 
control and provides means  for handling the assembled spacecraf t  
for  flight qualification testing, transporting, and mating operations 
with the L V .  

*4. 1. 2 Single Point Fa i lure  Exemption 

The STRU, when designed to the requirement  of MJS77-3-190 i s  
specifically exempted f r o m  the single point fa i lure  c r i t e r i a  of 
MJS77-2-100, paragraph 4.4. 

5 4. 1. 3 Requirements and Constraints 

a )  The s t ruc ture  shall  be compatible with the F O V  requirements  
specified in MJS77- 3- 180. 

b) Location of the science scan platform relative to the space- 
c raf t  center  of m a s s  shall  be a s  specified in MJS77-3-180. 

c )  The science scan platform (including science instruments  
mounted on it) moment of inertia about i ts  center of rotation 
shall  be a s  specified in MJS77-3-200. 

d) The science scan platform shall  be designed such that the axis  
of rotation for  both axes i s  coincident with the platform center  
of m a s s  within *3. 8 c m  ( * l .  5 in. ). 

e) Mounting and alignment provisions fo r  the science subsystems 
shall be a s  defined in MJS77-3-170 and MJS77-3-180. 

f )  The s t ruc ture  shall  provide a high gain antenna ref lector  with 
a d iameter  of 3 . 6 6  m,  a F / D  of 0.0338, and whose surface 
deviations f rom the specified sur face  shall  not exceed 
0.088 cm (0.035 in. ) RMS. 

g)  The STRU shal l  provide an e lec t r ica l  load for  use  by the 
power subsystem to diss ipate  the excess  power generated by 
the RTG. This load shal l  be capable of dissipating a maxi -  
m u m  of 43 1 W. When located pe r  MJS77-3 - 180, the assembly 
shal l  a l so  provide a diffuse reflective surface for optical cali-  
bration of the science scan platform mounted instrument.  The 
charac ter i s t ics  of the surface including dimensions, tempera-  
t u r e  and surface proper t ies  shall  be  a s  specified in ICD 
10073993, Science Calibration Target-Structural  Interface. 

h )  The s t ruc ture  shall  provide a specular  reflective surface 
for  optical calibration of the IRIS interferometer .  The 
mechanical and optical charac ter i s t ics  shall  be a s  specified 
in ICD 10073993, Science Calibration Target-Structural  
Interface. 



-. 

i) T h e  s c i e n c e  s c a n  p l a t f o r m  c h a r a c t e r i s t i c s  s h a l l  be a s  fo l lows:  

1 )  T h e  b e a r i n g  f r i c t i o n a l  t o r q u e  s h a l l  be i n  the  r a n g e  
f r o m  0. 3  t o  0. 5 f t - lb .  

2 The r a t i o  of running t o  s t a t i c  f r i c t i o n  s h a l l  be g r e a t e r  
t han  0. 8. 

3) The  a n g u l a r  s t i f f n e s s  in both a z i m u t h  and e l eva t ion  
s h a l l  be g r e a t e r  t han  2000 f t - l b l r a d .  

4 )  The  a n g u l a r  b a c k l a s h  s h a l l  be a s  spec i f i ed  in  
MJS77-3-170.  

R a d i o  F r e q u e n c y  S u b s y s t e m  ( R F S )  

4 . 2 . 1  F u n c t i o n  

The  R F S  s h a l l  p e r f o r m  the  func t ions  def ined  in  MJS77-3-300.  

S ingle  P o i n t  F a i l u r e  E x e m p t i o n s  

T h e  R F S  m i c r o w a v e  c o m p o n e n t s  a r e  s p e c i f i c a l l y  e x e m p t e d  f r o m  t h e  
s i n g l e  poin t  f a i l u r e  c r i t e r i a  of MJS77-2-100,  p a r a g r a p h  4. 4. 

t4. 2* 
R e q u i r e m e n t s  a n d  C o n s t r a i n t s  

a )  The  R F S  s h a l l  supply  the  c o m p o s i t e  c o m m a n d  s igna l  t o  e a c h  
CDU o v e r  s e p a r a t e  i n t e r f a c e  l i n e s .  The  R F S / C D U  i n t e r f a c e  
s h a l l  be c r o s s - s t r a p p e d  t o  a l l ow e i t h e r  r e c e i v e r  t o  d r i v e  
e i t h e r  CDU. 

b )  T h e  R F S  s h a l l  p r o v i d e  a n  ind ica t ion  of t r a n s m i t t e r  p e r f o r m -  
a n c e  t o  t he  CCS v i a  f o u r  l e v e l  inputs .  O n e  wi l l  i n d i c a t e  a  l o w  
S-band e x c i t e r  p o w e r  condi t ion ,  o n e  wi l l  i n d i c a t e  a low S-band 
TW TA p o w e r  condit ion,  o n e  wil l  i nd i ca t e  a  low-X-band e x c i t e r  
p o w e r  condi t ion ,  a n d  o n e  wi l l  i nd i ca t e  a low X-band TW TA 
p o w e r  condit ion.  

c )  T h e  X-band and S-band TWTA s h a l l  no t  be s imu l t aneous ly  
o p e r a t e d  in  t h e i r  high p o w e r  m o d e s .  A t  l e a s t  one  TWTA 
s h a l l  be  o p e r a t i n g  a t  a n y  t i m e .  

d )  O t h e r  R F S  r e q u i r e m e n t s  and  c o n s t r a i n t s  a r e  spec i f ied  in 
MJS77-3-  300. 

Modula t ion  Demodu la t ion  S u b s y s t e m  (MDS) 

4 . 3 . 1  F u n c t i o n  

T h e  MDS shall p e r f o r m  the  func t ions  def ined  in MJS77-3-  300. 



4 . 3 . 2  Single P o i n t  F a i l u r e  E x e m p t i o n s  

None 

R e q u i r e m e n t s  and C o n s t r a i n t s  

The MDS r e q u i r e m e n t s  and c o n s t r a i n t s  a r e  specif ied in 
MJS77-3-300. 

4 . 4  P o w e r  S u b s y s t e m  (PWR)  

4 . 4 . 1  Func t ion  

The  PWR s h a l l  p rov ide  a  c e n t r a l  supply  of e l e c t r i c a l  power  f o r  the 
s p a c e c r a f t .  I t  a l s o  p rov ides  the  switching and c o n t r o l  function f o r  
the  r e q u i r e d  d i s t r ibu t ion  of power .  

4 . 4 . 2  Single P o i n t  F a i l u r e  Exempt ion  

None 

R e q u i r e m e n t s  and C o n s t r a i n t s  

a )  T h r e e  mul t i -hundred  watt  R T G s  s h a l l  provide  p r i m a r y  power .  
A b a t t e r y  s h a l l  supply  addit ional  power  dur ing  the  in jec t ion  
p h a s e .  A f t e r  in jec t ion ,  c a p a c i t o r s  supply  power  f o r  t r a n s i e n t s  
tha t  exceed  the  R T G  capabi l i ty .  

b)  In the  a b s e n c e  of a  synchroniz ing s igna l ,  t he  PWR 2 . 4  kHz 
i n v e r t e r  s h a l l  f r e e  r u n .  

c )  The  PWR s h a l l  provide  condit ioned power  t o  s a t i s f y  the  
r e q u i r e m e n t s  of MJS77-  3-250,  and p a r a g r a p h  3 .  6 .  2 .  3 h e r e i n  

d )  Decoding of coded c o m m a n d s  f r o m  CCS a s  speci f ied  in 
MJS77-3-290 s h a l l  be provided f o r  swi tching of s p a c e c r a f t  
loads  a s  speci f ied  in MJS77-3-250.  

e )  The PWR sha l l  provide  suff ic ient  sens ing  and load switching t o  
e n s u r e  tha t  the d c  power  bus  voltage d o e s  not  r e m a i n  m o r e  than 
1  p e r c e n t  below the  s t eady  s t a t e  m i n i m u m  voltage f o r  m o r e  than 
0. 5 s ,  o r  the  a c  power  bus d o e s  not  r e m a i n  m o r e  than 2 p e r c e n t  
below the  s t e a d y  s t a t e  m i n i m u m  voltage f o r  m o r e  than 0 .  5 s. 
PWR sha l l  supply two l e v e l  inputs  to  CCS which wi l l  i nd ica te  
tha t  load switching h a s  o c c u r r e d  a n d / o r  i n v e r t e r s  have  switched 

f )  P o w e r  switching s h a l l  be in te r locked  to  prohibi t  appl ica t ion  
of power  to  ISS when power  i s  not appl ied  to  FDS.  

g )  T h e  PWR s h a l l  provide  f o r  s h o r t  c i r cu i t ing  the output  of the 
R T G s  dur ing  a l l  ground opera t ion  p e r i o d s  when no s p a c e c r a f t  
e l e c t r i c a l  loads  a r e  tu rned  on o r  when e x t e r n a l  power  i s  
appl ied .  



4 .  5 C o m p u t e r  C o m m a n d  S u b s y s t e m  (CCS)  

4 .  5 . 1  F u n c t i o n  

T h e  func t ion  of t he  C C S  i s  to :  

a )  D e c o d e  g round  c o m m a n d s  

b )  I s s u e  d i s c r e t e  and  coded  c o n ~ m a n d s  t o  u s e r  s u b s y s t e m s  

c )  I s s u e  a  s e q u e n c e  of D C ' s  and C C ' s  a c c o r d i n g  to  t h e  f l igh t  
s e q u e n c e .  

d )  A l t e r  t h e  s e q u e n c e  of e v e n t s  and  C C S  s t a t e  i n  r e s p o n s e  t o  
g round  c o m m a n d s .  

e )  R e s p o n d  to  i n t e r r u p t s  g e n e r a t e d  by the s p a c e c r a f t  o r  t he  
C C S  a c c o r d i n g  t o  a l g o r i t h m s  s t o r e d  i n  t he  CCS.  

4 .  5 . 2  S ingle  P o i n t  F a i l u r e  E x e m p t i o n s  

None  

R e q u i r e m e n t s  and  C o n s t r a i n t s  

a )  T h e  C C S  p r o c e s s o r s  s h a l l  be  c a p a b l e  of o p e r a t i o n  th rough  
e i t h e r  of t he  ou tput  un i t s  in t h e  fol lowing t h r e e  m o d e s :  

1)  Ind iv idua l  - t he  two p r o c e s s o r s  a r e  work ing  on 
s e p a r a t e  e v e n t s  ( o r  no  e v e n t s )  which  a r e  i s s u e d  
independen t ly .  

2 )  P a r a l l e l  - t h e  two p r o c e s s o r s  a r e  bo th  w o r k i n g  on  t h e  
s a m e  e v e n t  which  i s  i s s u e d  independen t ly .  

3 )  T a n d e m  - t he  two p r o c e s s o r s  a r e  both work ing  on  t h e  
s a m e  e v e n t  which  i s  i s s u e d  on ly  if t hey  both  a g r e e .  

b )  T h e  C C S  m e m o r y  s h a l l  b e  non -vo la t i l e .  

c )  C C S  coded  c o m m a n d s  wi l l  be  in  t he  f o r m  of a  14 -b i t  s e r i a l  
w o r d .  T h e  C C S  wi l l  s u p p l y  a  s e p a r a t e  i n t e r f a c e  l ine  f o r  the  
c o m m a n d  d a t a ,  t h e  s t r o b e ,  and  t h e  e n a b l e  pu l se  t o  e a c h  
coded  c o m m a n d  u s e r .  

cl )  T h e  C C S  s h a l l  p rov ide  p o w e r  m a n a g e r n e n t  s u c h  t h a t  on ly  one  
of the  fo l lowing  loads  i s  c o n s u m i n g  p o w e r  a t  a n y  one  t i m e :  

1 )  Scan  A c t u a t o r  H e a t e r  (on e x c e p t  when one  of t he  o t h e r  
l o a d s  r e q u i r e s  p o w e r .  



2 )  T h e  power  r e q u i r e d  f o r  t h e  DSS turn-on t r a n s i e n t  in 
e x c e s s  of t h e  DSS s t e a d y  s t a t e  power .  

3 )  One s c i e n c e  s c a n  p l a t f o r m  a c t u a t o r .  

e )  T h e  CCS s h a l l  a c c e p t  an input  ( swi tch  c l o s u r e )  f r o m  P Y R O  
to in i t i a t e  the s p a c e c r a f t / L V  s e p a r a t i o n  sequence .  

4 .  6 F l i g h t  D a t a  S u b s y s t e m  (FDS) 

4 .  6 .  1 Func t ion  

T h e  function of the  F D S  i s  to:  

a )  Co l l ec t  s c i e n c e  d a t a  f r o m  the  s c i e n c e  i n s t r u m e n t s .  

b )  Col lec t  eng inee r ing  d a t a  f r o m  a l l  s p a c e c r a f t  s u b s y s t e m s .  

c) F o r m a t s  the  d a t a  under  p r o g r a m  c o n t r o l  and send it e i t h e r  
t o  the  MDS f o r  r e a l - t i m e  t r a n s m i s s i o n  o r  t o  the  DSS f o r  
s t o r a g e ,  o r  both .  

d )  Con t ro l  and sequence  under  p r o g r a m  c o n t r o l  the  s c i e n c e  
i n s t r u m e n t s .  

e )  P r o v i d e  the  b a s i c  s p a c e c r a f t  c l o c k .  

+ 4. 6 . 2  Single  P o i n t  F a i l u r e  Exempt ions  

Although t h e r e  are no  exempt ions  t o  t h e  s i n g l e  point  f a i l u r e  c r i t e r i a  
of MJS77-2-100, the  r e q u i r e m e n t s  of p a r a g r a p h  3. 5.1. 1 of t h i s  
document  a r e  exempted  t o  t h e  ex ten t  t h a t  t h e  FDS s t a t e  v e c t o r  con- 
t r o l  logic  s h a l l  b e  des igned  s u c h  tha t  a  f a i l u r e  wil l  r e s u l t  i n  all 
"A" un i t s  being se lec ted .  

4. 6. 3 R e q u i r e m e n t s  and C o n s t r a i n t s  

a) T h e  F D S  s h a l l  p r o c e s s  analog m e a s u r e m e n t s ,  d ig i t a l  m e a -  
s u r e m e n t s  and inputs  indica t ive  of d i s c r e t e  e v e n t s .  Analog 
d a t a  s h a l l  b e  conver ted  to  d ig i t a l  w o r d s .  D i s c r e t e  e v e n t s  
s h a l l  b e  counted with p rov i s ion  m a d e  to  identify t h e i r  o r i g i n  
and t i m e  of o c c u r r e n c e .  

b )  Al l  non-digi ta l  eng inee r ing  d a t a  s h a l l  b e  d ig i t ized  to  
8-bi t  w o r d s .  

c )  T h e  F D S  s h a l l  provide  the capabi l i ty  f o r  195 analog and 
48  d ig i ta l  m e a s u r e m e n t s .  T h e  input s i g n a l  l eve l s  a r e  
spec i f i ed  in MJS77-3-270.  



d )  T h e  F D S  s h a l l  p r o v i d e  f o r  Golay  coding of non- imaging  d a t a .  
U s e  of coding t o  be opt iona l ,  

e )  T h e  F D S  b a s i c  t i m i n g  s h a l l  have  a n  a c c u r a c y  of 0 .002  p e r c e n t .  

f )  T h e  F D S  s h a l l  p r o v i d e  s y n c  p u l s e s  t o  P W R  a t  a 4. 8-kHz r a t e  
f o r  s y n c h r o n i z a t i o n  of the  2. 4 kHz i n v e r t e r s .  

g)  T h e  F D S  s h a l l  a s s u r e  s y n c h r o n i z a t i o n  be tween 2 . 4  kHz 
i n v e r t e r  power  c y c l e s  and  ISS f r a m e s ,  

h) T h e  F D S  s h a l l  p r o v i d e  the  d a t a  m o d e s  and  r a t e s  spec i f ied  in  
MJS77-3-270.  

i) T h e  F D S  s h a l l  p r o v i d e  t e l e m e t r y  m e a s u r e m e n t s  and  s u b c o m -  
m u t a t i o n  c o n s i s t e n t  w i th  MJS77-3-280,  T e l e m e t r y  M e a s u r e -  
m e n t s  and  D a t a  F o r m a t s .  

j) T h e  F D S  s h a l l  p r o v i d e  c o n t r o l  and  sequenc ing  f o r  s c i e n c e  
s u b s y s t e m s  c o n s i s t e n t  wi th  MJS77-3-270.  

k) T h e  F D S  s h a l l  p r o v i d e  the  p o w e r  r e q u i r e d  by t e m p e r a t u r e  and 
p r e s s u r e  t r a n s d u c e r s  wh ich  i n t e r f a c e  d i r e c t l y  w i th  t h e  FDS.  

1) T h e  F D S  s h a l l  p r o v i d e  a n  a d d r e s s a b l e  d i g i t a l  d a t a  i n t e r f a c e  
wi th  the  AACS. 

m) T h e  F D S  s h a l l  p r o v i d e  the  capab i l i t y  t o  c o n t r o l  the  DSS via  
coded c o m m a n d s .  C o m m a n d s  t o  t h e  DSS s h a l l  be 14 -b i t  
s e r i a l  w o r d s  i d e n t i c a l  i n  f o r m a t  t o  the  coded  c o m m a n d s  
i s s u e d  by the  CCS. 

n)  T h e  F D S  s h a l l  be s t andby  r edundan t  e x c e p t  f o r  t he  s t a t e  
v e c t o r  c o n t r o l  log ic .  

At t i tude  and  A r t i c u l a t i o n  C o n t r o l  S u b s y s t e m  (AACS) 

Func t ion  

T h e  AACS s h a l l  p r o v i d e  s i g n a l s  to  e s t a b l i s h  and  m a i n t a i n  s p a c e -  
c r a f t  o r i e n t a t i o n  and  s t ab i l i t y  d u r i n g  the  in j ec t ion  p h a s e .  T h e  AACS 
s h a l l  c o n t r o l  the  a t t i t ude  of the  M M  d u r i n g  c r u i s e  and e n c o u n t e r  
u s ing  the  s u n  and  a  s t a r  ( u s u a l l y  Canopus )  a s  c e l e s t i a l  r e f e r e n c e  
o b j e c t s  and  us ing  g y r o  r e f e r e n c e s  when  c e l e s t i a l  r e f e r e n c e s  a r e  not 
a v a i l a b l e .  T h e  AACS s h a l l  p r o v i d e  con t ro l l ed  t u r n s  abou t  the M M  
r e f e r e n c e  a x e s  f o r  s c i e n c e  and  t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r s .  
T h e  AACS s h a l l  a l s o  c o n t r o l  t he  a t t i t ude  of t he  MM d u r i n g  the  t r a j -  
e c t o r y  c o r r e c t i o n  t h r u s t i n g  p e r i o d .  In add i t i on ,  the AACS s h a l l  
c o n t r o l  the  point ing of t he  s c i e n c e  s c a n  p l a t f o r m .  



4 4 .  7 . 2  Single P o i n t  F a i l u r e  Exempt ions  

The  following AACS components  a r e  spec i f i ca l ly  exempted f r o m  
the  s ing le  point f a i l u r e  c r i t e r i a  of MJS77-2-100, p a r a g r a p h  4.4. 

a )  I P U  d r i v e r s .  

b )  Scan  a c t u a t o r s .  

c )  S c a n  a c t u a t o r  d r i v e r s .  

d )  Scan  a c t u a t o r  h e a t e r .  

3 6 4 . 7 . 3  
" b 

R e q u i r e m e n t s  and C o n s t r a i n t s  

a )  T h e  AACS s h a l l  i n c o r p o r a t e  p r o g r a m m a b i l i t y  t o  the  ex ten t  
speci f ied  b y  the  so f tware  r e q u i r e m e n t s  of MJS77-3-310.  

b )  The AACS s h a l l  be capab le  of reducing the  r a t e  of the  MM 
dur ing  undis turbed l i m i t  c y c l e  opera t ion  to  the r e q u i r e m e n t s  
speci f ied  in  p a r a g r a p h  3. 3 . 6 .  2.  

c )  T h e  AACS s h a l l  p rov ide  l i m i t  cyc le  o p e r a t i o n s  with deadbands  
p r o g r a m m a b l e  o v e r  the  r ange  f r o m  0 . 8 7  to  175 m r a d  in  
0 .  38 m r a d  s t e p s .  

d )  The AACS s h a l l  provide  a n  output  s igna l  t o  indica te  the 
inadver ten t  l o s s  of s u n  acqu i s i t ion .  

e )  Excep t  f o r  t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r s  when f ive  
t h r u s t e r s  m a y  b e  on s imul taneous ly ,  the AACS s h a l l  supply 
h e a t e r  power  to  the s i x  ac t ive  a t t i tude  propuls ion  t h r u s t e r s  
and s h a l l  provide  power  m a n a g e m e n t  such  tha t  e i t h e r  the  
a t t i tude  propuls ion  t h r u s t e r  h e a t e r s  o r  one a t t i tude  propul-  
s ion  t h r u s t e r  i s  consuming power  a t  a n y  one t i m e .  
(Mechaniza t ions  t o  provide  both h e a t e r  and t h r u s t e r  power  
s imul taneous ly  i s  not a  r e q u i r e m e n t .  ) 

f )  The  AACS c o n t r o l  capabi l i ty  s h a l l  be compat ib le  with s p a c e -  
c r a f t  i n e r t i a l  p r o p e r t i e s  speci f ied  in  MJS77-3-200.  

g )  The  AACS s h a l l  provide  outputs  indica t ive  of the  d e s i r e d  
AACS power  s t a t e s .  Th i s  output  cons i s t ing  of 6 s igna l s  
( l eve l  i n t e r r u p t s )  wil l  be  p r o c e s s e d  by the  CCS t o  command  
the  P W R  to  the  r e q u i r e d  s t a t e .  

h )  In s u p p o r t  of the  f au l t  s e n s i n g  the c o r r e c t i o n  rou t ines  
speci f ied  i n  p a r a g r a p h  3. 5 . 1 .  2,  the AACS s h a l l  p r o v i d e  
the capabi l i ty  to  r e a c q u i r e  the  s u n  f r o m  any  a r b i t r a r y  o r i e n -  
t a t ion .  In addit ion,  the r eacqu i s i t ion  p r o c e s s  s h a l l  be 
cons t ra ined  to  m i n i m i z e  the  probabi l i ty  of p e r m a n e n t  s o l a r  
e n e r g y  induced d a m a g e  to  s c i e n c e  i n s t r u m e n t s .  



i )  The AACS sha l l  provide I P U  and TCAPU valve open 
commands to PROP.  The off t ime between adjacent com- 
mands to any valve shall  be not l e s s  than 20 m s .  Each open 
command to an I P U  valve shall  be 40 m s  o r  g rea t e r  in 
duration.  Each open command to a  TCAPU valve shal l  be 
10 m s  o r  g r e a t e r .  

j )  The AACS sha l l  provide failure sensing to command TCAPU 
isolation valves in the event of t h rus t e r  malfunctions speci-  
fied in MJS77-3-310. 

k) The AACS power-on-reset  shall  provide three axis  stabili- 
zation and on Ea r th  pointing of the HGA. 

4. 8 Pyrotechnic Subsystem (PYRO) 

4. 8. 1  Function 

The PYRO actuates pyrotechnic devices. 

4. 8. 2  Single Point Fa i lu re  Exemptions 

None. 

4. 8. 3  Requirements and Constraints  

a )  The PYRO sha l l  actuate squibs a s  shown in MJS77-3-120. 

b)  The PYRO sha l l  be capable of simultaneously firing a  mini-  - 
mum of 8 squib br idgewires  a s  a  single event. 

c )  The PYRO shal l  provide an input (switch c losure)  to the CCS for  
initiation of the spacecraf t / launch vehicle separat ion sequence. 

d )  The P Y  RO sha l l  per form voltage to frequency conversion 
for  eight propulsion p r e s s u r e  measurements .  

e )  The PYRO shal l  be redundant except for the instrumentation 
power supply, PROP signal conditioning, and IS0 valve 
position switches. 

Cabling Subsystem (CABL) 

4 . 9 . 1  Function 

The CABL shal l  provide the necessary  e lec t r ica l  inter-connections 
between a l l  spacecraf t  subsys tems ,  between equipment e lectr ical ly  
connected through the system cabling ha rnes s ,  between subsystem 
electronic  assembl ies ,  and interfacing cabling f rom the spacecraf t  
to the LV. 

Single Point Fa i lu re  Exemption. 

Redundant wiring sha l l  not be employed except a s  required to meet  
special  reliabil i ty requirements  and only af ter  approval of the 
Spacecraft  System Engineer .  



R e a u i r e m e n t s  and C o n s t r a i n t s  

a )  Cabling s h a l l  b e  compa t ib le  with the  funct ional  r e q u i r e m e n t s  
of a l l  the  connected  equ ipment .  

b )  A c c e s s  s h a l l  b e  provided tha t  is adequa te  f o r  n e c e s s a r y  
ins ta l l a t ion ,  t e s t i n g ,  d i s a s s e m b l y ,  and a s s e m b l y  . 

c )  W i r e  types  s h a l l  b e  a s  few a s  p r a c t i c a l .  

d )  Shielding s h a l l  b e  used as spec i f i ed  i n  MJS77-3-260.  

e )  Cabling connect ing  with a r t i c u l a t i n g  components  s h a l l  b e  a s  
f lexib le  and c o m p a c t  a s  poss ib le .  

f )  The  loop r e s i s t a n c e  of e a c h  p y r o - e l e c t r o n i c s  t o  squ ib  
b r i d g e w i r e  cab le  ( including connec to r  pin r e s i s t a n c e ,  bu t  
exc lus ing  b r i d g e w i r e  r e s i s t a n c e )  s h a l l  not exceed  0 .  60 o h m  
o v e r  the  expec ted  opera t ing  t e m p e r a t u r e  r a n g e .  

g )  P o w e r  d i s t r ibu t ion  cabl ing  s h a l l  not c a u s e  a vol tage  d r o p  
between the  power  d i s t r ibu t ion  unit and the  load tha t  is 
g r e a t e r  than 0.  5  p e r c e n t  of the  d i s t r ibu ted  des ign  value f o r  
loads  a s  speci f ied  in  MJS77-3-250.  

h )  Cabling to  the  s c i e n c e  s c a n  p l a t f o r m  s h a l l  a l low the p l a t f o r m  
t o  r o t a t e .  The  m a x i m u m  to rque  r e q u i r e d  t o  twis t  the  cab le  
through the s c a n  r a n g e  indicated below a t  0 ° F  sha l l  be: 

T o r q u e  Scan Range 

( in-  l b f )  
c m - N  ( d e g r e e s  f r o m  c e n t e r )  

Az imuth  a x i s  *I12 (* 10) *180° 

Eleva t ion  a x i s  *224 (*20) *120° 

i )  C a b l e s  e x t e r n a l  t o  the  bus and s c i e n c e  s c a n  p l a t f o r m  e n c l o s u r e s  
sha l l  be conductively i so la ted  f r o m  s u p p o r t  s t r u c t u r e  and r a d i a -  
t ive ly  insu la ted  s u c h  tha t  h e a t  t r a n s f e r  to  o r  f r o m  s e n s i t i v e  
equ ipment  v i a  cabl ing  i s  m i n i m i z e d .  

4 . 1 0  P r o p u l s i o n  s u b s y s t e m  ( P R O P )  

4 . 1 0 . 1  F unction 

The  P R O P  s h a l l  provide:  

a )  The  f ina l  i n c r e m e n t  of in jec t ion  e n e r g y  t o  ach ieve  the  
r e q u i r e d  i n t e r p l a n e t a r y  t r a j e c t o r y .  



b) I m p u l s e  f o r  p o s t  i n j ec t ion  t r a j e c t o r y  c o r r e c t i o n s .  

c )  C o n t r o l  t o r q u e  to m a i n t a i n  s p a c e c r a f t  o r i e n t a t i o n  and s t ab i l i t y  

* 4 . 1 0 . 2  S ingle  P o i n t  F a i l u r e  E x e m p t i o n s  

T h e  following P R O P  c o m p o n e n t s  a r e  e x e m p t  f r o m  the  s ing le  poin t  
f a i l u r e  c r i t e r i a  of MJS77-2-100,  p a r a g r a p h  4 . 4 ,  and p a r a g r a p h  
3 .  5. 1 .  2  of t h i s  d o c u m e n t .  

a) I P U  e n g i n e s .  

b) Solid m o t o r  inc luding  the  s a f e l a r m  dev ice .  

c )  P r o p e l l a n t  t a n k  and  l i n e s .  

d )  P i n t e g r a t o r  output.  
C 

jl, 4. 1 0 . 3  R e q u i r e m e n t s  and  C o n s t r a i n t s  

T h e  so l id  r o c k e t  m o t o r  def ined  by Th ioko l  C h e m i c a l  C o r p o r a -  
t ion  Spec i f i ca t ion  C P 3 6 4 - 4  s h a l l  be used  to  p r o v i d e  f ina l  
i m p u l s e  f o r  i n j ec t ion .  

T h e  T C A P U  s h a l l  p r o v i d e  t h r u s t  f o r  t h r u s t e r  c a l i b r a t i o n  and  
a t  l e a s t  n ine  t r a j e c t o r y  c o r r e c t i o n s .  ( T h e  f i r s t  t r a j e c t o r y  
c o r r e c t i o n  m a y  inc lude  m u l t i p l e  t h r u s t  p e r i o d s .  ) 

T h e  P R O P  s h a l l  s a t i s f y  the t r a j e c t o r y  c o r r e c t i o n  ve loc i ty  
spec i f ied  in  MJS77- 3- 150 .  

R e a c t i o n  c o n t r o l  expendab le  m a s s  s h a l l  be a l l oca t ed  suf f ic ien t  
t o  p e r f o r m  the  m i s s i o n  e v e n t s  spec i f i ed  in  MJS77-3-120 wi th  
the  expendab le  m a s s  a l l oca t ed  i n  MJS77-3-230.  

T h e  m i n i m u m  t h r u s t e r  i m p u l s e  bi t  f o r  a T C A P U  t h r u s t e r  sha l l  
be < 0 . 0 1  78  N- s  ( 0 .  004  lbf- s) wi th  m i n i m u m  open  c o m m a n d  a s  
spec i f ied  in  4.  7. 3. i and  wi th  a  duty  c y c l e  l e s s  t h a n  0 .  01 p e r -  
cen t .  

T h e  m i n i m u m  t h r u s t  p rov ided  by a n y  T C A P U  t h r u s t e r ,  a f t e r  
one  second  of f i r i n g ,  s h a l l  be 0.  445  N ( 0 . 1 0  lbf) .  

T C A P U  t h r u s t e r  pu l se - to -pu l se  i m p u l s e  bit  v a r i a b i l i t y  u n d e r  
f ixed cond i t i ons  s h a l l  be < *15 p e r c e n t  (30) f o r  du ty  c y c l e s  l e s s  
t h a n  0. 01 p e r c e n t .  T h r u s t e r - t o - t h r u s t e r  s t e a d y  s t a t e  t h r u s t  
v a r i a b i l i t y  s h a l l  be <5 p e r c e n t  ( 3 0 ) .  

T C A P U  t h r u s t e r  i m p u l s e  b i t  s h a l l  be p r e d i c t a b l e  to  < *50 p e r -  
c e n t  (30) f o r  a n y  o p e r a t i n g  condit ion.  



i) TCAPU pu lse  r e s p o n s e  under  any opera t ing condit ions sha l l  be: 

1) M a x i m u m  c h a m b e r  p r e s s u r e  r i s e  t i m e  
Signal  to 10 p e r c e n t  of pu l se  peak t h r u s t  - 30 m s  
Signal  to 90 p e r c e n t  of pu l se  peak t h r u s t  - 80 m s  

2)  Maximum c h a m b e r  p r e s s u r e  d e c a y  t i m e  
Signal  to  10 p e r c e n t  of pu l se  peak  t h r u s t  - TBD 

j  F o r  a s ingle  t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r  the  TCAPU sha l l  
provide  a to ta l  impulse  va r iab le  o v e r  the  range  71.2 to 48,  900 
N-s (16 to  11 ,  000 lbf-s) .  

k) Impulse  p red ic t ion  e r r o r  dur ing T C M  sha l l  be a s  specif ied in  
MJS77-3-170. 

1) E a c h  TCAPU t h r u s t e r  sha l l  be capable  of a t  l e a s t  400, 000 
ac tuat ions .  

m )  The m a x i m u m  leakage f o r c e  produced by a single t h r u s t e r  
sha l l  not exceed 22.2  x ~ O - ~ N  ( 5  x lbf) .  

n)  The t h r u s t  provided by a n  I P U  A o r  B engine s h a l l  be - > 4 3 4  N 
(97.6  lbf) .  

o) The t h r u s t  provided by a n  IPU r o l l  engine sha l l  be > 24 N - 
( 5 . 4  lbf ) .  

p) P u l s e  r e s p o n s e  ( a f t e r  1 s  w a r m - u p )  f o r  a l l  IPU engines:  

1) M a x i m u m  c h a m b e r  p r e s s u r e  r i s e  t ime:  
Signal  t o  1 0  p e r c e n t  of peak pulse  t h r u s t  - 25 m s  
Signal  to  90 p e r c e n t  of peak pu l se  t h r u s t  - 45 m s  

2) Maximum c h a m b e r  p r e s s u r e  decay  t ime: 
Signal  to 1 0  p e r c e n t  of peak pu l se  t h r u s t  - 35 m s  

q) The m i n i m u m  impulse  bit f o r  I P U  eng ines  a f t e r  1 s f i r ing  t i m e  
sha l l  be < 13. 3 N-s  ( 3 . 0  lbf -s)  f o r  the A & B eng ines  and 
< 0.667 G- s ( 0 . 1 5  lbf-s)  f o r  the  r o l l  engine with m i n i m u m  open - 
c o m m a n d s  a s  specif ied i n  4. 7. 3 .  i. 

T e m p e r a t u r e  Cont ro l  Subsys tem ( T E M P )  

* 4 . 1 1 . 1  Funct ion 

The function of the T E M P  i s  to  main ta in  the t e m p e r a t u r e  throughout 
the  s p a c e c r a f t  to within the  l i m i t s  specif ied i n  MJS77-3-210. In 
addit ion,  m i c r o m e t e o r o i d  p ro tec t ion  i s  provided by the T E M P .  

4. 11 .2  Single P o i n t  F a i l u r e  Exempt ions  

The following T E M P  components  a r e  spec i f i c  exempt ions  f r o m  the 
s ingle  point f a i l u r e  c r i t e r i a  of MJS77-2-100, p a r a g r a p h  4. 4. 

a )  T h e r m a l  b lankets .  



b )  T h e r m a l  s h i e l d s .  

c )  RHUs .  

d )  M i c r o m e t e o r o i d  s h i e l d s .  

4 .  1 1 . 3  R e q u i r e m e n t s  and C o n s t r a i n t s  

H a r d w a r e  e l e m e n t s  r e q u i r e d  f o r  t h e r m a l  c o n t r o l  which a r e  physica l ly  
incorpora ted  into o t h e r  s u b s y s t e m s  a r e  cons ide red  t o  b e  p a r t  of 
the s u b s y s t e m  with which they a r e  de l ive red  to SAF and a r e  t h e r e -  
f o r e  not p a r t  of the  T E M P  m a s s  a l locat ion .  E x a m p l e s  of such  
i t e m s  a r e  pa in ts ,  h e a t e r s ,  t h e r m a l  i so la t ion  mounts ,  and s o m e  
t h e r m a l  s h i e l d s .  

4 . 1 2  Mechan ica l  Dev ices  Subsys tem ( D E V )  

4 . 1 2 . 1  Func t ion  

The DEV s h a l l  provide  la tching,  deployment ,  and damping 
Specif ic  functions p e r f o r m e d  a r e :  

a )  Deployment  of the  

1)  R T G b o o m .  

2) Sc ience  b o o m .  

3 )  M a g n e t o m e t e r  boom.  

b )  Latching of 

1 )  Science  Scan  p l a t f o r m  to PM. 

2)  RTG B o o m  to PM. 

3 )  P M  t o  MM. 

4 1 P M  t o  LV.  

5) M a g n e t o m e t e r  boom.  

c )  Separa t ion  of 

1 )  Spacec ra f t  f r o m  LV. 

2) P M  f r o m  MM. 



*4. 12.2 Single Point  Fa i lu re  Exemptions 

The magnetometer  boom and the deployment mechanisms  f o r  the 
RTG boom and science boom a r e  exempted f r o m  the s ingle  point 
fa i lu re  c r i t e r i a  of MJS77-2- 100, paragraph  4.4. 

##4. 12.3 Requirements  and Constraints  

a )  The RTG and science boom nominal deployment r a t e  sha l l  
be 0.3 deg/s .  

b )  The magnetometer  deployment r a t e  shal l  b e  0. 125 m / s .  

c )  The outboard low field magnetometer  shal l  be deployed 13 m 
f r o m  the intersect ion of the boom center  line with i t s  mount- 
ing plane, with the s enso r s  located a s  specified in 
MJS77-3- 180 and aligned a s  specified in MJS77-3-170. 

d )  RHUs sha l l  be mounted to the support  s t ruc tu re  f o r  the HFM 
magnetometer  s e n s o r .  Thermal ly  conductive paths into the 
magnetometer  f rom the RHUs shal l  be provided. 

e )  A separat ion fo rce  sha l l  be  impar ted  to the MJS77 spacecraf t  
sufficient t o  m e e t  the requi rements  of paragraph  3.4.3. 1.2. 
An impact - f ree  (nominal)  separat ion shal l  be  achieved in the 
face  of a Centaur res idual  r a t e  specified in paragraph  3.4.3.1.2. 

f )  A separat ion force  shal l  be sufficient to generate  a relative 
separat ion r a t e  between the MM and the PM a s  specified in 
paragraph 3 . 4 .  3. 1 . 2 .  An impact f r e e  (nominal)  separat ion 
and post jettison MM ra t e s  a s  specified in paragraph 3 . 4 . 3 .  1 .  2 
sha l l  be provided. 

g )  The DEV sha l l  provide the  capability to  reduce the I 
product of iner t ia  to  a nominal value of z e r o  within t e 
to le rances  specified in  MJS77-3 -200. 

r 
h) Damper s  sha l l  be installed on the RTG Boom Locking Strut  and 

Magnetometer  Boom Assembly .  The damper s  sha l l  provide 
damping of the f o r m  e-2rYt ove r  the des i red  displacement  
range (x);  where y i s  the product [ ( c / c C )  x (fn)] .  

F o r  c / c c  = 0. 04, the damping product (y) and displacement  
values a r e  given below. 



D a t a  S t o r a g e  S u b s y s t e m  (DSS) 

B o o m  

R T G  

M a g .  

F u n c t i o n  

T h e  DSS s h a l l  p r o v i d e  bulk  s t o r a g e  of s p a c e c r a f t  d ig i t a l  da ta .  

Damping  P r o d u c t  (y )  

0 . 0 9 1  Hz 

0 . 0 0 6 4  Hz  

4. 13 .2  S ing le  P o i n t  F a i l u r e  E x e m p t i o n s  

D i s p l a c e m e n t  L i m i t s  

0 . 0 0 0 5  2 x 2 0 . 0 0 0 1  i n .  

0 . 0 0 1 2 5  I x 2 0 .  00025 i n .  

T h e  DSS i s  e x e m p t  f r o m  t h e  s i n g l e  poin t  f a i l u r e  c r i t e r i a  of 
MJS77-2-100,  p a r a g r a p h  4.4. 

R e q u i r e m e n t s  and  C o n s t r a i n t s  

a )  T h e  DSS s h a l l  a c c e p t  s i n g l e  s t r e a m  d a t a  f o r  s t o r a g e  a t  
1 1 5 . 2  o r  7 . 2  k b p s .  

b )  T h e  DSS s h a l l  p lay  b a c k  the  s t o r e d  d a t a  a t  57.  6, 33.  6, 21. 6  
o r  7 .  2 k b p s  i n  a t i m e  s e q u e n c e  t h a t  i s  t h e  s a m e  as the  
r e c o r d e d  s e q u e n c e .  

c )  T h e  b i t  e r r o r  r a t e  a t  end  of m i s s i o n  s h a l l  b e  l e s s  t han  
m e a s u r e d  b e t w e e n  input  and  output  of the  DSS f o r  all p layback  
r a t e s .  

d) With cont inuous  input  d a t a ,  t he  s t o r a g e  c a p a c i t y  of t he  DSS 
s h a l l  b e  a t  l e a s t  5. 36  x l o 8  b i t s .  T h e  DSS s h a l l  p rov ide  the  
capab i l i t y  to  s t o r e  b l o c k s  of d a t a  of v a r i a b l e  s i z e .  S t o r a g e  
c a p a c i t y  l o s t  d u r i n g  s t a r t i n g  a n d  s topping  t o  r e c o r d  a b lock  of 
d a t a  s h a l l  not  e x c e e d  4 x 1 0 5  a n d ,  l o 4  b i t s  f o r  r e c o r d  r a t e s  
of 115 .  2 ,  and 7 .  2  k b p s ,  r e s p e c t i v e l y .  

e )  T h e  DSS s h a l l  p rov ide  a s l e w  m o d e  f o r  r ap id  a c c e s s  of a  
r e c o r d  o r  p layback  s t a r t i n g  poin t .  



f )  The  DSS s h a l l  provide  the  capabi l i ty  t o  s t a r t  r e c o r d  o r  play- 
back  a t  a n y  point on the  t a p e .  The  DSS s h a l l  provide an  
output s igna l  indica t ive  of tape  m o v e m e n t  tha t  wil l  a c c o m m o -  
da te  locat ion  of a  spec i f i c  point on the tape  *10 c m  ( 4  i n .  ) .  

g)  T h e  to ta l  tape  t r a v e l  a c r o s s  the DSS r e c o r d / p l a y b a c k  head 
s h a l l  not  exceed  8 .  34 x 105 m .  

h )  T h e  to ta l  n u m b e r  of p a s s e s  a c r o s s  a  head by a n y  s e c t i o n  of 
tape  s h a l l  not exceed  6500. 

i )  The  de lay  between t h e  r e c e i p t  of s t a r t  r e c o r d  s igna l  and 
when the DSS i s  r e a d y  to  r e c e i v e  d a t a  s h a l l  b e  l e s s  than 4 .  5 s .  

j )  T h e  DSS s h a l l  provide  the  capabi l i ty  t o  s t a r t  and s t o p  the  DSS 
tape  a m i n i m u m  of 104 t i m e s .  

k)  T h e  DSS s h a l l  provide  a ded ica ted  locat ion  on the  m a g n e t i c  
t ape  to  b e  used  f o r  s t o r a g e  a t  F D S  p r o g r a m s .  T h e r e  s h a l l  
b e  a m i n i m u m  of e ight  s e g m e n t s  of t a p e ,  e a c h  with a capac i ty  
g r e a t e r  than 150 k b i t s ,  c e r t i f i e d b y  b i t  e r r o r  t e s t s  to b e  
e r r o r  f r e e .  

1) The  DSS s h a l l  provide  a pulse  output indicat ing when the  tape  
h a s  r e a c h e d  the  beginning o r  end of the  t a p e .  

4. 14 S / X  Band Antenna S u b s y s t e m  (SXA) 

4. 14. 1 Func t ion  

T h e  SXA s h a l l  p e r f o r m  the  funct ions  defined i n  MJS77-3-300. 

#54. 14. 2 Single  P o i n t  F a i l u r e  Exempt ion  

The  SXA equ ipment  s h a l l  b e  e x e m p t  f r o m  the  s i n g l e  point  f a i l u r e  
c r i t e r i a  of MJS77-2-100, p a r a g r a p h  4.4. 

+k 
bh 4.  14 .  3 R e q u i r e m e n t s  and C o n s t r a i n t s  

The  SXA r e q u i r e m e n t s  and c o n s t r a i n t s  a r e  speci f ied  in 
MJS77-3-300.  

C o s m i c  R a y  S u b s y s t e m  (CRS) 

4 .  15.  1 Func t ion  

T h e  CRS s h a l l  m e a s u r e  the  e n e r g y  and compos i t ion  of c o s m i c  r a y  
nucle i  f r o m  hydrogen  to  i r o n  o v e r  the  e n e r g y  range  f r o m  1 to 
500 MeV p e r  nucleous  . E l e c t r o n s  s h a l l  be  m e a s u r e d  o v e r  the  
r ange  f r o m  3 t o  120 M e V .  T h e s e  m e a s u r e m e n t s  s h a l l  be  m a d e  
dur ing  both c r u i s e  and encoun te r  p h a s e s  of the  m i s s i o n .  



+$ 4.  15 .  2  R e q u i r e m e n t s  and  C o n s t r a i n t s  

a )  T h e  CRS s h a l l  b e  moun ted  to  the s p a c e c r a f t  c o n s i s t e n t  with 
the  r e q u i r e m e n t s  spec i f i ed  in MJS77-  3-180.  

b )  T h e  CRS s h a l l  not  b e  e x p o s e d  to  r e l a t i v e  humid i ty  o v e r  
70 p e r c e n t  (50 p e r c e n t  when o p e r a t i n g ) .  

P l a n e t a r y  Rad io  A s t r o n o m y  S u b s y s t e m  ( P R A )  

F u n c t i o n  

T h e  P R A  s h a l l  m e a s u r e  the  s t r e n g t h  and  p o l a r i z a t i o n  of r a d i o  
s i g n a l s  i n  the  20 kHz t o  40.  5 MHz  r a n g e .  T h e s e  m e a s u r e m e n t s  
s h a l l  be  m a d e  d u r i n g  both c r u i s e  and  e n c o u n t e r  p h a s e s  of the 
m i s s i o n .  

4 .  16 .  2  S ingle  P o i n t  F a i l u r e  E x e m p t i o n  *:- 
T h e  P R A / P W S  a n t e n n a  is e x e m p t e d  f r o m  t h e  s i n g l e  poin t  f a i l u r e  
c r i t e r i a  of MJS77-2-100,  p a r a g r a p h  4.4. 

454.  16. 3  R e q u i r e m e n t s  a n d  C o n s t r a i n t s  

a )  T h e  s p a c e c r a f t  s h a l l  p r o v i d e  moun t ing  f o r  two, deployable ,  - 
1 0 - m  length ,  i n t e r l o c k i n g  monopo le  an t ennas .  De ta i l ed  m o u n t -  
ing  is s p e c i f i e d  i n  MJS77-3-180.  

b )  T h e  P R A  monopo le  an t enna  s h a l l  b e  des igned  t o  p rov ide  the  
fol lowing s t a b i l i t y  p r o p e r t i e s :  

1) Bending  s t i f f n e s s  EI 2 1 6 .  6  l b - f t2 .  

2) Bending  s t r e n g t h  a t  an t enna  b a s e  1 3 .  7  x f t - l b .  

3) Antenna  e l e m e n t  m a s s  I 0 .  5  l b m .  

4 .  17 P l a s m a  Wave S u b s y s t e m  (PWS)  

* 4 . 1 7 1  
F u n c t i o n  

T h e  PWS s h a l l  m a k e  m e a s u r e m e n t s  of t h e  e l e c t r i c  f i e l d s  of p l a s m a  
w a v e s  bo th  d u r i n g  c r u i s e  and  a t  J u p i t e r  a n d  S a t u r n  i n  t h e  f r e q u e n c y  
r a n g e  f r o m  10 Hz to  56.2 kHz. 

4. 17. 2  R e q u i r e m e n t s  a n d  C o n s t r a i n t s  

a )  T h e  PWS s h a l l  u s e  t h e  p l a n e t a r y  r a d i o  a s t r o n o m y  an tennas .  

b )  T h e P W S s h a l l p r o v i d e n o t c h f i l t e r i n g t o r e j e c t 2 . 4 a n d  
7. 2  k H z  i n t e r f e r e n c e  s igna l s .  



4 .  18 Low E n e r g y  C h a r g e d  P a r t i c l e  S u b s y s t e m  ( L E C P )  

+& 4.  18.  1 Func t ion  

T h e  L E C P  m e a s u r e s  the  c h a r g e  and e n e r g y  d i s t r ibu t ion  of n u c l e i .  
o v e r  the e n e r g y  range  0 . 0 4  t o  1 30 MeV/nuc leon ,  the  e n e r g y  
d i s t r ibu t ion  of e l e c t r o n s  f r o m  10 keV to  10 MeV and protons  f r o m  
15 keV to  150 M e V .  

* ' 4 .  1 8 .  2 R e q u i r e m e n t s  and C o n s t r a i n t s  

a )  T h e  L E C P  s h a l l  b e  mounted  to  the s p a c e c r a f t  c o n s i s t e n t  with 
the  r e q u i r e m e n t s  spec i f i ed  in MJS77-  3- 180.  

b )  S p a c e c r a f t  wi l l  b e  ro l l ed  f o r  ca l ib ra t ion  a s  speci f ied  in 
MJS77-3-120.  

c )  The L E C P  s h a l l  not  induce  into any  MM a x i s  a m o m e n -  
t u m  i n c r e m e n t  g r e a t e r  than 7 .  5 x 10-2  k g - m 2 / s .  

d )  T h e  L E C P  s h a l l  not b e  exposed t o  humidi ty  in e x c e s s  of 
50 p e r c e n t .  

4 .  19 P h o t o p o l a r i m e t e  r S u b s y s t e m  ( P P S )  * 4 .  19 .  1 Func t ion  

T h e  function of the  P F S  i s  to  m e a s u r e  the  in tens i ty  and polar iza t ion  
of l ight  a t  e igh t  wavelengths  be tween 235 and 750 n a n o m e t e r .  

+ 4 .  1 9 . 2  
R e q u i r e m e n t s  and C o n s t r a i n t s  

a )  The  P P S  s h a l l  be mounted on the  s c i e n c e  s c a n  p l a t f o r m  and 
b o r e  sighted wi th  the  ISS a s  speci f ied  in  MJS77-3- 180. 

b )  T h e  P P S  s h a l l  b e  compat ib le  with pointing a c c u r a c i e s  
spec i f i ed  in MJS77-  3- 170.  

c )  Rota t ion  of f i l t e r  wheel  and a p e r t u r e / p o l a r i z e r  whee l  s h a l l  
not  induce into any  MM axis a m o m e n t u m  g r e a t e r  t h a n  
7. 5 x k g - m Z / s .  

d )  T h e  s p a c e c r a f t / s c i e n c e  p la t fo rm or ien ta t ion  s h a l l  b e  con-  
t r o l l e d  s u c h  tha t  the  s u n  d o e s  not  c o m e  within 0 . 3 4 9  r a d  of 
the  P P S  b o r e s i g h t .  

e )  T h e  P P S  s h a l l  p rov ide  a B r e w s t e r  p la t e  f o r  po la r i za t ion  
ca l ibra t ion .  The  p la te  s h a l l  b e  mounted  per the  r e q u i r e -  
m e n t s  of MJS77-3-180 to  the  a c c u r a c i e s  spec i f i ed  i n  
MJS77-3-170. 

f )  T h e  MM will  p rov ide  f o r  viewing of a n  MM mounted  t a r g e t  
and the  B r e w s t e r  p la t e  f o r  in-f l ight  ca l ib ra t ion  of t h e  PPS .  



4. 20 P l a s m a  Subsystem (PLS) 

4.20. 1 Function 

The PLS measures  both so la r  wind electrons and so lar  wind ions 
with energies in the range of 10 to 5950 V.  

Requirements and Constraints 

a )  The PLS shall  be mounted to the spacecraf t  consistent with 
the requirements specified in MJS77- 3- 180. 

b) P r i o r  to and during instrument operation the relative 
humidity shall  be maintained a t  50 percent o r  l e s s .  

c )  The PLS shall  be compatible with the pointing accuracies 
specified in MJS77-3- 170. 

4. 21 Ultraviolet Spectrometer  Subsystem (UVS) 

t 4 . 2 1 .  1 Function 

The UVS measures  ultraviolet  emissions in the region 40 to 
180 nm. 

r 4.21.2 Requirements and Constraints 

a )  The UVS i s  mounted on the science scan platform and i ts  a i r -  
glow FOV boresighted with ISS a s  specified in MJS77-3- 180, 
and aligned to the accuracies  specified in MJS77-3- 170. 

b)  The UVS occultation FOV shall  be aligned compatible with 
the pointing accuracies  specified in MJS77-3-170. 

c )  The requirements  for  science maneuvers a r e  specified in 
MJS77-3-120. 

d)  Spacecraft  orientation will be controlled such that the 
sun does not come within 20 deg of the UVS airglow bore 
boresight. 

e )  The MM will provide for viewing of a MM mounted target  for 
in-flight calibration of the UVS. 

f )  During s torage o r  ground operations the UVS will not be 
exposed to relative humidity g rea te r  than 15 percent. 



4. 22 Magne tomete r  S u b s y s t e m  (MAG) 

Funct ion 

The  MAG m e a s u r e s  the a m b i e n t  m a g n e t i c  f i e l d s  o v e r  the range  
10-11 to  2 ~ o - ~ T .  

* 4 . 2 2 . 2  R e q u i r e m e n t s  and C o n s t r a i n t s  

a )  The MAG c o n s i s t s  of two low field m a g n e t o m e t e r s  ( L F M )  and 
two high field m a g n e t o m e t e r s  ( H F M )  and sha l l  be mounted on 
a deployable boom a s  specif ied i n  MJS77-3-180. 

b) Two a x e s  of e a c h  s e n s o r  s h a l l  be al igned t r a n s v e r s e  to  the MM 
r o l l  ax i s .  The th i rd  s e n s o r  a x i s  sha l l  be al igned p a r a l l e l  to 
the MM r o l l  ax i s .  Al ignment  a c c u r a c i e s  sha l l  be a s  specif ied 
in  MJS77-3-170. 

c )  The MM magne t i c  f ield s h a l l  not exceed 0 . 2  nT  a t  the  out- 
board L F M  a s  es tabl ished by ana ly t i ca l  m e a n s .  

d The  MAG s e n s o r s  a x i s  s h a l l  be al igned to mechan ica l  r e f e r -  
ence  m a r k s  compat ib le  with p a r a g r a p h  3 .6 .  3. 7 and 
MJS77-3-170. 

e )  The  MM wil l  provide  ro ta t ion  about  the MM ro l l  a x i s  and 
s e p a r a t e l y  abou t  the  yaw o r  p i tch  a x i s  f o r  in  f l ight  ca l ib ra t ion  
a s  specif ied in  MJS77- 3- 120. 

f )  RHUs wi l l  be accommodated  by the suppor t  s t r u c t u r e  f o r  the 
H F M  s e n s o r s  r a t h e r  than by the s e n s o r s  t h e m s e l v e s .  RHU 
a t t a c h m e n t  sha l l  be accommodated  by the L F M  s e n s o r  b a s e  
p l a t e s  and sha l l  be a p a r t  of the  L F M  s e n s o r s .  

T h e r m a l l y  conductive paths  into the  sens i t ive  e l e m e n t s  of the  
m a g n e t o m e t e r  s e n s o r s  f r o m  the RHUs s h a l l  be provided.  

4. 23 Imaging Sc ience  Subsy s  t e m  (ISS) 

4. 23.1 Funct ion 

The  ISS sha l l  a c q u i r e  i m a g e  d a t a  of J u p i t e r  and S a t u r n  and many  of 
t h e i r  sa te l l i t e s .  

$, 4. 23. 2 R e q u i r e m e n t s  and C o n s t r a i n t s  

a )  The  ISS s h a l l  c o n s i s t  of a  two c a m e r a  s y s t e m ,  a n a r r o w  angle  
(1. 5 m )  and a s e p a r a t e  wide angle  (0 .  2 m ) .  

b) The n a r r o w  angle  and wide ang le  c a m e r a s  sha l l  be mounted on 
the sc ience  s c a n  p la t fo rm as  specif ied in  MJS77-3- 180. 



c )  T h e  ISS s h a l l  b e  moun ted  o n  the s p a c e c r a f t  and a l igned  a s  
spec i f i ed  in  MJS77-3 -  170 .  

d )  T h e  M M  w i l l  p r o v i d e  f o r  viewing of a  M M  moun ted  t a r g e t  
f o r  in - f l igh t  c a l i b r a t i o n  of t he  ISS. 

e )  T h e  ISS s h a l l  p rov ide  r e s e a u  m a r k s  s u c h  t h a t  the o r i e n t a t i o n  
of e a c h  i m a g e  i s  unambiguous ly  e s t a b l i s h e d .  

4 .  24 I n f r a r e d  I n t e r f e r o m e t e r  S p e c t r o m e t e r  and  R a d i o m e t e r  
S u b s y s t e m  (IRIS) 

& 4 .  24 .  1  F u n c t i o n  

T h e  IRIS s h a l l  s e n s e  the  i n f r a r e d  s p e c t r u m  f r o m  200 t o  4000 c m - 1 .  
Re f l ec t ed  s o l a r  e n e r g y  be tween  5000 and 33000 c m - l  s h a l l  a l s o  b e  
m e a s u r e d .  

4 4 .  24 .  2  Requi r e m e n t s  a n d  C o n s t r a i n t s  

a )  T h e  IRIS s h a l l  be mounted  o n  the  s c i e n c e  s c a n  p l a t f o r m  
and  bo res igh ted  wi th  the  ISS a s  spec i f i ed  in  MJS77-3-  180. 

b )  T h e  M M  wi l l  p r o v i d e  knowledge of the  IRIS point ing 
d i r e c t i o n .  T h e  IRIS s h a l l  be a l i gned  to  t he  a c c u r a c i e s  
spec i f i ed  in  MJS77-  3-  170 .  

c )  T h e  IRIS s h a l l  n o t  induce  in to  a n y  M M  a x i s  a  m o m e n t u m  
i n c r e m e n t  g r e a t e r  t han  7. 5 x k g - m ' 2 / s .  

d )  T h e  M M  s h a l l  p r o v i d e  f o r  viewing of a  M M  moun ted  
t a r g e t  f o r  in - f l igh t  c a l i b r a t i o n  of t h e  IRIS. 

e )  Re la t ive  humid i ty  of o p t i c s  modu le  m u s t  b e  m a i n t a i n e d  below 
30 p e r c e n t  d u r i n g  g round  t e s t i n g .  

f )  T h e  IRIS s h a l l  b e  compa t ib l e  wi th  the  d a t a  b i t  e r r o r  r a t e s  
spec i f i ed  in  MJS77-  3-270.  

g )  V ib ra t ion  l e v e l s  d u r i n g  IRIS o p e r a t i o n  m u s t  b e  l e s s  than 
0 . 0  1 g peak  in  t h e  f r e q u e n c y  band f r o m  5 to  640 H z .  

NASA - JPL - Caml . ,  L . A . ,  calif 

4 6 



( I n s e r t  in 61 8-205,  MJS77 Spacecra f t  
Functional  Requ i r emen t s  Book) 

Volume I 

MJS77 SPACECRAFT 
FUNCTIONAL REQUIREMENTS BOOK 

TABLE O F  CONTENTS 

Section Ti t le  Number 

14  F e b r u a r y  1979 

1 INTRODUCTION . . . . . . . . . . . . . . . 

2 SPACECRAFT DESIGN CRITERIA . . . 

3 SPACECRAFT REQUIREMENTS 
AND CONSTRAINTS . . . . . . . . . . . . 

Funct ional  Block D iag ram and 
Interface  Lis t ings  . . . . . . . . . . . . . . 
Flight  Sequence Implementat ion . . . . . 

Standard  T r a j e c t o r i e s  . . . . . . . . . . . . 
Nominal Aiming Point  Select ion . . . . . 
Navigation . . . . . . . . . . . . . . . . . . . 
Funct ional  Accurac ies  and Sys t em 
Capabi l i t ies  . . . . . . . . . . . . . . . . . . 
Configuration . . . . . . . . . . . . . . . . . 

St ruc tu r a l  Design C r i t e r i a  . . . . . . . . 
Ine r t i a l  P r o p e r t i e s  . . . . . . . . . . . . . 

MJS77- 1-1 00A 
Amend 1 
Amend 2 
MJS77-2-100 
Amend 1 

MJS77- 3- 100 
Amend 1 
Amend 2 
Amend 3 
Amend 4 
Amend 5 
Amend 6 
Amend 7 
Amend 8 
Amend 9 

MJS77-3- 1 lOC 
Amend 1 
MJS77-3-120B 
Amend 1 
Amend 2 
Amend 3 
MJS77- 3- 130 
Amend 1 
MJS77-3-140 
Amend 1 
MJS77- 3- 150 
Amend 1 

MJS77-3- 170A 
Amend 1 
MJS77- 3- 180C 
Amend 1 
MJS77- 3- 190 
Amend 1 
MJS77- 3-200A 
Amend 1 

Dated 



14 February 1979 

Volume I  TABLE O F  CONTENTS (contd)  

Section Tit le  Number 

3 Design C r i t e r i a  for  Spacecra f t  
T e m p e r a t u r e  Control  . . . . . . . . . . . . 

Elec t ron ic  Equipment Design 

Equipment L i s t  and Mass  
Allocations . . . . . . . . . . . . . . . . . . 

Environmental  Design 
Requi rements  . . . . . . . . . . . . . . . . . 
Power  Prof i l e  and Allocation . . . . . 

Elec t r i c a l  Grounding and Interfacing . . 

Te leme t ry  and Command Handling . . . 

Te leme t ry  Measu remen t s  and 
Data  F o r m a t s  . . . . . . . . . . . . . . . . . 

Command S t ruc tu re  and 
Assignments  . . . . . . . . . . . . . . . . . 

Telecommunicat ions  . . . . . . . . . . . . 

Software Requi rements  . . . . . . . . . . . 

MJS77-3-210A 
Amend 1 
Amend 2 
Amend 3 
Amend 4 
MJS77- 3-220 
Amend 1 
Amend 2 

MJS77- 3-230C 
Amend 1 
Amend 2 

MJS77-3-24OA 
Amend 1 
MJS77- 3-250A 
Amend 1 
MJS77-3-260A 
Amend 1 
Amend 2 
MJS77- 3-270 
Amend 1 

MJS77- 3-280B 
Amend 2 
Amend 3 

MJS77-3-290C 
Amend 1 
Amend 2 
MJS77- 3-  300 
Amend 1 
MJS77-3-310A 
Amend 1 

Dated 



1 4  F e b r u a r y  1979 

Volume I1 T A B L E  O F  CONTENTS (contd)  

Sect ion Ti t le  

4 SUBSYSTEM FUNCTIONAL 
REQUIREMENTS 

. . . . . . . . . . . .  S t r u c t u r e  Subsys tem 

Radio  F r e q u e n c y  S u b s y s t e m  

Modulation Demodulat ion 
S u b s y s t e m  . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  P o w e r  S u b s y s t e m  

Compute r  Command  S u b s y s t e m  
( H a r d w a r e )  . . . . . . . . . . . . . . . . . .  

Compute r  Command  S u b s y s t e m  
(Sof tware)  . . . . . . . . . . . . . . . . . . .  

Fl ight  D a t a  S u b s y s t e m  ( H a r d w a r e )  . . 
. . . .  Fl ight  Da ta  S u b s y s t e m  (Sof tware)  

Attitude and Art icula t ion Cont ro l  
S u b s y s t e m  ( H a r d w a r e )  . . . . . . . . . . .  

Attitude and Art icula t ion Cont ro l  
S u b s y s t e m  (Sof tware)  . . . . . . . . . . . .  

. . . . . . . . . . .  P y r o t e c h n i c  S u b s y s t e m  

Cabling S u b s y s t e m  . . . . . . . . . . . . . .  
Propu ls ion  Subsys  tern . . . . . . . . . . .  

. . . .  T e m p e r a t u r e  Cont ro l  S u b s y s t e m  

. . . . .  Mechan ica l  Dev ices  S u b s y s t e m  

. . . . . . . . . .  D a t a  S t o r a g e  S u b s y s t e m  

Number  Dated 

MJS77-4-2001 
Amend 1 
Amend 2 
Amend  3 
MJS77-4-2002 
Amend I 
Amend 2 
Amend  3 

MJS77-4-2003 1 / 6 / 7 5  
Amend 1 7 / 3 / 7 5  
Amend  2 2 / 1 4 / 7 9  
MJS77-4-2004A 6 / 8 / 7 6  
Amend 1 
Amend  2 

MJS77-4-2005-1B 8 / 1 6 / 7 7  
Amend  1 2 / 1 4 / 7 9  

MJS77-4-2005-2A 81 17/77 
Amend  1 211 4 / 7 9  
M J S ~ ~ - 4 - 2 0 0 6 -  1 A 3120178 
Amend  1 2 / 1 4 / 7 9  
M J S ~ ~ - 4 - 2 0 0 6 - 2  8 / 1 2 / 7 5  
Amend  1 2 /14 /79  

M J S ~ ~ - 4 - 2 0 0 7 - I A  7 / 2 7 / 7 6  
Amend  1 2 /14 /79  

MJS77-4-2007-2 
Amend  1 
MJS77-4-2008A 
Amend I 
Amend  2 
MJS77-4-2009 
A m e n d  1 
MJS77-4-2010A 
A m e n d  1 
MJS77-4-2011 
Amend 1 
Amend  2 
MJS77-4-2012A 
Amend  1 
MJS77-4-2016A 
Amend 1 
Amend  2 



14 February 1979 

Volume I1 T A B L E  O F  CONTENTS (con td )  

Sec t ion  Ti t le  

3 SIX-Band  Antenna S u b s y s t e n ~  . . . . . . 

C o s m i c  Ray S u l ~ s y s t e m  . . . . . . . . . . . 

P l a n e t a r y  Radio  A s t r o n o m y  
Subs  y s  ten1 . . . . . . . . . . . . . . . . . 

P l a s m a  Wave S u b s y s t e m  . . . . . . . . . 

Low E n e r g y  C h a r g e d  P a r t i c l e  
S u b s y s t e m  . . . . . . . . . . . . . . . . . . 
Pho topo la r  i m e t e r  S u b s y s t e m  . . . . . . . 

P l a s m a  S u b s y s t e m  . . . . . . . . . . . . . . 

Ul t rav io le t  S p e c t r o m e t e r  
S u b s y s t e m  . . . . . . . . . . . . . . . . . . . 

M a g n e t o m e t e r  S u b s y s t e m  . . . . . . . . . 

Imaging  Sc ience  S u b s y s t e m  . . . . . . . . 

I n f r a r e d  I n t e r f e r o m e t e r  S p e c t r o m e t e r  
and  R a d i o m e t e r  S u b s y s t e m  . . . . . . . . 
Modified I n f r a r e d  I n t e r f e r o m e t e r  
S p e c t r o m e t e r  and R a d i o m e t e r  
S u b s y s t e m  . . . . . . . . . . . . . . . . . . . 

Number  Dated 

MJS77-4-2017A 2 / 3 / 7 7  
A m e n d  1 2 / 1 4 / 7 9  
MJS77-4-202 1 2 / 6 / 7 5  
Amend 1 6/ 1 5 / 7 6  
A m e n d  2 2 / 1 4 / 7 9  

MJS77-4-2022 2 / 1 1 / 7 5  
Amend 1 7 / 2 5 / 7 5  
Amend 2 4 / 2 8 / 7 6  
A m e n d  3 2 / 1 4 / 7 9  
MJS77-4-2023A 9 / 3 0 / 7 5  
A m e n d  1 2 / 1 4 / 7 9  

MJS77-4 -2025  
A m e n d  1 
MJS77-4-2027 
Amend 1 
Amend 2 
Amend 3 
A m e n d  4 
MJS77-4-2032 
Amend  1 
Amend 2 
Amend  3 
A m e n d  4 

MJS77-4-2034 
Amend  1 
Amend 2 
MJS77-4-2035 
Amend 1 
A m e n d  2 
MJS77-4-2036 
Amend 1 
Amend 2 
A m e n d  3 

MJS77-4-2039A 8 / 5 / 7 7  
A m e n d  1 2 / 1 4 / 7 9  

MJS77-4-2039-2  10/1  1 / 7 6  
A m e n d  1 2 / 1 4 / 7 9  



618-205 
MJS77 S/C F u n c t i o n a l  Requirements  Book 

DISTRIBUTION 

Amorose, K. Madsen, B.  
Marderness,  H.  
McKinley, E. 
Medic i ,  N .  
Pl i lavec,  J. 

Bec ker  , Raymond 
Bee re r ,  Joseph C. 

C a r l i s l e ,  G .  
Carneghi ,  J. 
C a r t e r ,  J. 
C o l l i n s ,  S. A .  
Cook, W. 
Cunningham, G .  
Cunning ham, W. 

Nave, E. (10) 
N icho l s ,  G .  

O ' R e i l l e y ,  B. 
Otamura, R .  

DeSant i s ,  R. 
D e v i r i a n ,  M.  
Draper ,  R. 
Durham, D .  

Pa rks ,  R.  
P a r r i s h ,  R .  
P a u l ,  C .  

Rackiewicz,  J .  
Rhoads, J .  
R i s a ,  T. 
Ryciak,  J. 

Ebbe t t ,  R. 
Edmonds, R. 

Fehsen fe ld ,  J. 
F ranzgro te ,  E.  

S e l e n i u s ,  E  
Savino ,  J .  
Smith, J .  
Stembridge,  C .  
S t evens ,  J. A .  
Stowers ,  K. 
Sturms,  F. 

G a r r i s o n ,  G .  

Hardman, J .  
Heacock, R .  
Henry, W. 
Henson, C .  
Hess, D.  
H i l l ,  11. 
Hodges, W .  

T e x t o r ,  G .  

Wertz, C .  
Wright ,  F .  

233-307 Z iege r ,  R. 
Zucconi ,  H.  

264-537 
264-443 Vau l t  (2 )  

Jones ,  C.  

Kobele, P. 
Kohlhase, C.  

Laese r ,  R. 
Landano, M. 
Lane, A .  L. 
Lau, G .  
Lingon, S.  
L i n i c k ,  T. D .  
L i t t y ,  E. 
Lopez, S. 
Lyman, P. 

14 February 1979 



( I n s e r t  in  6 18-205, MJS77 Spacecra f t  
Func t iona l  R e q u i r e m e n t s  Book) 

1 November  1976 

L i s t  No. 197 

M J S  S / C  FUNCTIONAL REQUIREMENTS BOOK 

DISTRIBUTION LIST 

Acord ,  Arden  L. 
Acord ,  J a m e s  D. 
Agabra ,  Michael  (3 )  
Ajel lo,  J o s e p h  M. 
Alcorn ,  D. 
Alcorn ,  Harold  W. 
Allen,  J a m e s  E. 
Almaguer ,  T .  A. 
Apel, W a r r e n  
Ashby,  Harold  W.  
Ashly,  C h a r l e s  M. 

Banes ,  Ronald S. 
Bastow,  J o s e p h  G. 
B e c k e r ,  Raymond A. 
B e c k e r t ,  Jewel1 C. 
B e e r e r ,  J o s e p h  G. 
Bennett ,  Wailen 
Berglund,  Ansel  Q. 
Bouvie r ,  H. K a r l  
B r e j c h a ,  Alber t  G. 
Brown,  Wal te r  E. 
Burne t t ,  M e r r i l l  P .  

C a i r d ,  Helen 
Cannova, R i c h a r d  D. 
Carnegh i ,  J a m e s  
Carney ,  Michael  N. 
C a r r a w a y ,  John  
Casan i ,  John  R. 
C a s e ,  R i c h a r d  K. 
Cas te l l ana ,  W. J. 
Ci r i lo ,  Manuel  
Coffey, Lyndall  D. 
Cole ,  R o b e r t  
Coll ins,  S tewar t  A. ( 2 )  
Conrad,  Allan G. 
Coppock, Claude J. (4 )  
Coyle,  G a r y  G. 
Cunningham, Glenn E, 

Dahlen, Danic:l 
Davis,  E s k c r  K. 
Dawson,  K i r k  M. 
DcrJong, John H. 
De lanc :~ ,  F r a n c i s  V.  
DeSantis ,  Ralph 
D(:l Nc:gro, Ray  P. 
Dct t ingcr ,  J a y  R. 
Dctwi ler ,  Rob(!r t  C, 
Dcvir ian ,  Michac:l W .  ( 2 )  
Downhower, Wal ter  J. 
D r a p e r ,  Ronald F. 
Dunn, W a r r e n  C. 
Durham,  David iM. 
Duxbury, John F. 

Ebbet t ,  Rober t  F. 
E n m a r k ,  H a r r y  T .  
Er ickson ,  K e r r y  D. 
E s s e r t ,  R a y  S. 
Evanchuk,  Vincent L. 
Evans ,  Nathan L. 

F a r r a r ,  John  W. ( 3 )  
Fawce t t ,  Will iam G. 
Fehsenfe ld ,  John  A. 
F e r r e r a ,  John  D. 
F ink ,  R o s s  H. 
F i s h e r ,  J o h n  M. 
Fi tzhugh,  H e r s  he1 L. 
F o s t e r ,  R ichard  L. 
F r a n z g r o t e ,  E r n e s t  J.  
F r e n c h ,  J a m e s  R. 

Garclner, J a c k ,  A. Dr .  
Gatz ,  Edwin C. 
Gauthier ,  B a r r y  S. 
Gavin, T h o m a s  R. 
Gindorf ,  T h o m a s  E. 
Gleason,  J o s e p h  A. 
Gott l ieb,  Thomas  



L i s t  No. 197 

M J S  S /  C FUNCTIONAL REQUIREMENTS BOOK 

DISTRIBUTION LIST (contd)  

G r e e n ,  Wi l l i am C. 
Gr i f f i th ,  Douglas G. 
Gr i f f i th ,  Duncan E. ( 2 )  
G r z e g o r z e w s k i ,  Edward  D. 

Haddock,  Gordon W. 
H a r r i s ,  Wi l l i am M. 
H a r t m a n ,  J e r o m e  M, 
Hatch ,  J o h n  T.  
Heacock,  Raymond L. 
H e r m a n ,  Nei l  H. 
Hi l l ,  R o b e r t  E. 
Hodges ,  W a r r e n  G. 
Hoffman,  Alan R.  
Holbeck,  H e r b e r t  J. 
H o l m e s ,  Kenneth  G. 
Homlund,  G a r y  L. 
Homan ,  Haro ld  G. ( 6 )  
Hul tbe r  g, J o h n  A. 
Hunte r ,  J o h n  A. 

I n s k e e p ,  J o n  2.  
Ivanoff ,  R o b e r t  G. 

J a h e l k a ,  Edward  D. 
J a i v i n ,  G e o r g e  I. 
J o h a n s e n ,  Ra lph  A. 
Johnson ,  Donald R. 
Johnson ,  H e r m a n  L. 
J o n e s ,  C h r i s  P. 
J o r g e n s e n ,  Raymond M. 

Kee ley ,  J a m e s  F. ( 3 )  
K e e s e ,  L a r r y  B. 
Ke l lum,  E d w a r d  E. 
Kievi t ,  J o h n  
King,  Clyde R. 
K o e r n e r ,  T e r r y  W. 
K r u g ,  J a m e s  L. 
K u m a r ,  Sha i l endra  

L a e s e r ,  R i c h a r d  P. 
L a m b e r t ,  0. L. 
Landano,  Mat t  R. 
Lane ,  A r t h u r  L. 
Laney,  T h o m a s  
L a r  son,  Vic tor  
L a u ,  G a r y  K. 
Layman ,  Wil l iam E.  
L e a r ,  T h o m a s  C. 
Levy,  Henry  M. 
Leis ing ,  C h a r l e s  J. 
Lewis ,  . J o s e p h  C. 
Lingon, U.  S tanley  
Linick ,  T e r r y  D. 
Loca te l l ,  F r a n k  C. 
Lockhar t ,  R o b e r t  F. 
Lyman ,  P e t e r  T .  Dr .  
Lynn, Donald J. 

MacMil l in ,  R o b e r t  J. 
M a r g r a f ,  H. J. 
M a r t e n s ,  Howard E.  
Mazzocco,  C a r l  F. 
McDonald,  Gladden C. 
McDougal ,  Wil l iam F. 
M c F a r l a n d ,  Donald J .  
McGlinchey,  L o r e y  F. 
McKinley, Edward L. 
M e r t z ,  Henry  R.  ( 2 )  
M e t t l e r ,  Edward 
Micro f i lm S e r v i c e s  
M i l l e r ,  David C. 
Montgomery,  Lawrence  C 
M o o r e ,  W a r r e n  K. 
M o r e c r o f t ,  John  H. 

Nave,  E r n e s t  L. (10)  
Nichols ,  Albe r t  L. 
Nock, K e r r y  T .  
Nor ton,  H a r r y  N. 



List  No. 197 

MJS77 SIC  FUNCTIONAL REQUIREMENTS BOOK 

DISTRIBUTION LIST (Contd) 

Odd, Charles  W. 
Otte, J a m e s  C. (3) 
Owen, William A. 

P a r k ,  Jack  F .  
P a r k e r ,  Gary L. 
P a r k e r ,  Leonard G. 
P a r r i s h ,  Ralph 
Penzo, Paul A. 
Phill ips,  Roger J, 
P i e r c e ,  Wallace B. 
Polansky, Robert  G. 
P o r t e r ,  Wally M. 
P res l ey ,  Charles  E. 
P r i sb rey ,  Dilworth 
Purdy,  William I. , J r .  

Randolph, J a m e s  E.  
Rasmus  sen, Robert  P. 
Reisdorf,  Gary L. 
Rensin, E rnes t  I. 
Reynolds, Charles  M. 
Riggs, Robert  L. 
R i sa ,  Thomas H. 
Rose,  David K. 
Rotter ,  Rodger A. 
Rousey, William J. 

Sander ,  Michael J. 
Sasso,  Maryanne 
Savino, Joseph L. 
Schaefle, Willis E. 
Schatz, William J, 
Schissell ,  Gerald Z. 
Scholey, Wilber J .  
Schwartz,  Michel E. 
Scott, William F. 
Sergeylvsky, Andrey B. 
Shebel, Dennis 
Shima, George 
Shipley, William S. 

Sisk,  Glenn A. (2) 
Sloan, Richard K. 
Slonski, John P. 
Smith, Charles A. 
Smith, Freder ick  C. 
Smith, Gerald M. 
Smith, Richard L. 
Smith, Ted L. S. 
Sorensen, Thomas C, 
Spehalski, Richard J, 
Spriestersbach,  Ronald C. 
Stallkamp, John A. 
Stanton, Richard H. 
Starks,  Garvin T .  
Stebbins, Bill W. 
Stevens, J a m e s  H. 
Stoller,  Richard L. 
Stone, Edward C. 
Stuart ,  Jim 
Sturms,  F ranc i s  M. 
Sz i rmay,  Stephen 

Taylor ,  J ack  L. (3) 
Theis inger ,  P e t e r  C. 
T rube r t ,  Marc  R. 
Tupman, John R. 
Turne r ,  Darry l  L. 

Vitti,  Roy P. 

Waldman, Joe l  
Walton, Bruce H. 
Ward, Charles  A. 
Wertz,  Car l  C. 
Whitney, Wm. M. 
Wiener, Paul  
Williamson, Richard E. 
Winn, Carro l l  F, 
Wirth, Vincent A. Jr. 
Wolfe, Allen E. 
Wong, Conrad 

183-801 
126-300 
230- 136 
161-213 
233-307 
180-805 
126-159 
198-112A 
114-118 
157-205 
161-143 
125-138 
T-1201 
198-112B 
157-410 
158-224 
233-307 
Cal-T ech 
233-307 
156-217 
198-112D 



L i s t  No. 197 

MJS77 S / C  FUNCTIONAL REQUIREMENTS BOOK 

DISTRlBUTION LIST (Contd) 

Woo, H a r r y  W. 
Wood, Gordon E .  
Wooddell, J a c k  L. 
Wright ,  F r a n k  H. 
Wright ,  Peggy  
Wujcicki ,  Z .  T o m  
Wurth,  Ronald E. 

Yanaga, E l m e r  
Yuen, D r .  J o s e p h  H. 

Zenone,  Ronald J. 
Z i e g e r ,  Rod A. 
Z ingales,  Samuel  H. 

Genera l  Dynamic Convair  
Attn: J. E. Sher ly  

M / S  950-10 
P. 0. Box 80847 
San Diego, CA 92138 

NASA Headquar te r s  
Attn: J. W. Ke l le r  

Code SL. R ~ . ' F .  5086 
Washington, D. C. 20546 

NASA Headquar te r s  
Attn: Milton A. Mitz 

Code S L  
Washington, D. C. 20546 



MARINER JUPITER/SATURN 1977 

FUNCTIONAL REQUIREMENT BOOK 

INTRODUCTION 

FUNCTIONAL REQUIREMENT AMENDMENT 
( In se r t  in 6 18- 205, MJS77 Functional Requirements Book) + - 

AMENDMENT No. 1 

PAGE 1 OF 1 

DATE: 20 October 1976 

TITLE: 

- - -  

DESCRIPTION OF CHANGE: 

- -- -- - - - . - - .- . . 

FR No. MJS77-1-100A 

P a r a g r a p h  5.0, page 5, SUBSYSTEM REFERENCE NUMBERS, add the following 

subsys tem reference  number: 

Ref. No. Abbreviation Subsystem 

50 SFB Sys tem F a s t e n e r s  and Bracke ts  

NOTE: This amendment  i s  re i ssued  to  c o r r e c t  the re fe renced  document 

page number  and paragraph  t i t le,  and the previously 

i s sued  amendment  dated 11 October 1976. 



( Inser t  in 61 8-205, MJS77 Functional 
,Requirements Book) 

Custodian: E. L. Nave APPROVED: 

Spacecraft  Sys t em Manage r :  
R. L. %cock 

Spacecraft  System Engineer: 

JET PROPULSION LABOR AT ORY 

5 June 1975 
SUPERSEDES 
MJS77-1- 100 
20 December 1974 

MARINER JUPITER/SATURN 1977 

FUNCTIONAL REQUIREMENTS BOOK 

INTRODUCTION 

Denotes Change 

1 . 0  PURPOSE AND SCOPE 

1.1  Purpose  

The purpose of the Mariner  Jupi ter  /Saturn 1977 (MJS77) Functional 
Requirements Book i s  t o  provide the design c r i t e r i a ,  the functional 
requirements  and an accurate  functional description of the MJS77 space - 
craf t  at  both the sys t em and subsystem levels.  The functional requi re-  
ments  herein will be used for  the establishment of the subsystems and 
overal l  spacecraf t  system design. 

1 .2 Scope 

The MJS77 Functional Requirements Book defines the spacecraf t  system 
and allocates sys tem functions among the subsystems.  This book con- 
tains information on the spacecraf t  system exclusive of the support 
equipment. This book is  the controlling source  of information on the 
spacecraf t  design; consequently conflicting s tatements ,  e i ther  written o r  
ora l ,  have no s tatus  until resolved and adopted by being included herein.  

Page  1 of 20 



2 . 0  GENERAL 

2 .1  Responsibilities 

The MJS77 Spacecraft  System Engineer i s  responsible  for the overal l  
development of the MJS77 Functional Requirements Book and for  insur  - 
ing that  the spacecraf t  sys t em a s  defined in this  book i s  consistent 
with the applicable docurnents a s  defined in  MJS77-2 - 100, Spacecraft  
Design Cr i t e r i a .  

Generation and maintenance of complete, cur ren t ,  and accurate  space-  
c ra f t  information in the MJS77 Functional Requirements Book i s  the 
responsibility of the cognizant engineer (custodian) for  that functional 
requirement.  

Change control  of the MJS77 Functional Requirements Book shal l  be 
governed by the requirements  of P ro j ec t  Document 618-232 
(PD 6 18 -2 32), Mar iner  Jupi ter  /Saturn 1977 Configuration Management 
Plan.  This book will be revised by functional requirement  amend- 
ments  and revised functional requirements .  

2 . 3  Limitations 

The functional requirements  will not contain any information on 
schedules,  t es t  plans,  detai l  design,  environmental qualification, 
quality control, o r  r e sou rce  requi rements .  

DIVISION OF CONTENTS 

General  

This book consis ts  of four principal sect ions:  

a )  Section 1: Introduction 

b )  Section 2: Spacecraft  Design Cr i t e r i a  

c )  Section 3: Spacecraft  System Functional Requirements  

d )  Section 4: Spacecraft  Subsystem Functional Requirements 

Order  of Precedence 

With respec t  t o  technical  content, the o rde r  of precedence i s  a s  
follows : 

a) Section 2 

b )  Section 3 

c )  Section 4 



In the event of conflict between documents contained within the MJS77 
Functional Requirements  Book, this o r d e r  of precedence shal l  prevail .  
Within each  section; the o r d e r  of precedence shal l  be determined by 
the MJS77 Spacecraft  System Engineer a s  required.  

3 .  3 Spacecraft  Design Cr i t e r i a  (Section 2 )  

The functional requirement  in' th i s  section i s  writ ten t o  provide ground 
ru les ,  guidelines, and a definition of the  genera l  design philosophy 
which will be used in the design of the MJS77 spacecraft .  It a l so  
identifies miss ion  requi rements  and constra ints  neces sa ry  for the 
successful  accomplishment of the miss ion  objectives. 

3. 3. 1 Responsibil i t ies 

The functional requirement  in this  section i s  the responsibil i ty of the 
Mar iner  ~ u p i t e r  /Saturn 1977 Spacecraft  Sys tem Manager and i s  
approved by the P ro j ec t  Manager.  

3 . 4  Spacecraf t  System Level  Requirements  (Level 3 )  

The functional requirements  in this section s t a t e  requi rements  which 
re la te  t o  the Spacecraft  System, o r  requi rements  that  involve m o r e  
than one subsystem.  The sys tem level  function requi rements ,  a s  a 
group shall :  

a )  Set the requirements  for  those functions that the  sys t em shal l  
per form and the sequences by which they shal l  be performed.  

b )  Delineate subsys tem boundaries in sufficient detai l  s o  that 
identification with cognizant design groups can be made and 
interface control  can be maintained. 

c )  Set l imi t s  o r  tolerances  within which the sys tem must  per form.  

d )  Allocate units of var iance f o r  e r r o r  sou rces .  

e )  Identify pertinent physical  cha rac t e r i s t i c s  of the system.  

3. 4. 1 Responsibil t ies 

The functional requirements  in this section a r e  the responsibil i ty of 
the MJS77 Spacecraft  Sys tem Engineer and in cer ta in  specific c a s e s  
may be ass igned to  cognizant engineers  in other  divisions. The Func - 
t ional Requirements  a r e  approved by the MJS77 Sys tem Engineer  and 
by persons  designated by the divisions of the assigned engineer.  The 
MJS77 Spacecraf t  System Manager will a l so  approve MJS77-3-100, 
Spacecraft  Requirements  and Constraints.  



Spacecraft  Subsystem Level Requirements (Level 4 )  

The functional requirements in this section delineate the design of the 
individual subsystems. These requirements shall: 

a )  Define the functional requirements  imposed upon the subsystem. 

b) Define the boundaries of the subsystem. 

c )  Describe the functions that the subsystem shall  perform and the 
sequence by which they shall  be performed. 

d )  Set the l imits  and tolerances within which the subsystem must  
perform. 

e )  Identify the input and output interface elements.  

f )  Identify pertinent physical charac ter i s t ics  of the subsystem. 

g)  Identify special  safety considerations dictated by the de sign 
relative to the safe handling and testing of the subsystem. 

3.5.1 Responsibilities 

Subsystem functional requirements  a r e  writ ten by cognizant subsystem - 
engineers and a r e  approved by the MJS77 Spacecraft System Engineer,  
cognizant engineer,  cognizant engineer ' s supervisor  and division 
representative,  and where applicable, by principal investigators.  

FUNCTIONAL REQUIREMENT IDENTIFICATION 

General 

The Mariner  Jupiter/Saturn 1977 Functional Requirements shall  use a 
three-group coding in accordance with the following example; 

Code Group 

Requirement No. MJS77 4 2005 

This code group identifies the spacecraf t  model. The MJS designates 
Mariner  Jupiter/Saturn, and the 77 designates the year  in which the 
spacecraft  i s  to be launched. This will be common to a l l  Functional 
Requirements in th is  book. 

4.1.2 Code G r o u ~  2 

This code group identifies the section into which the functional require  - -. 
ment will be inser ted.  In the example, the 4 indicates the spacecraf t  
subsystem functional requirement  section. This code group a lso  
indicates the functional requirement level number. 



This  code group identifies the functional requi rement  within t he  
section.  In the  example,  the  spacecraf t  flight equipment will be  
between 2000 and 2099 with the  l a s t  two digi ts  indicating the  re fe rence  
designation number  of the subsys tem to  which the  functional r equ i r e -  
ment  applies.  Therefore ,  the number  2005 indicates  the functional 
requi rement  i s  f o r  spacecraf t  flight equipment;  in  th i s  ca se ,  the  
computer  command subs ystenl. 

5 .0  SUBSYSTEM REFERENCE NUMBERS 

The subsys tem re fe rence  numbers  ass igned  to  the  MJS77 Sys tem a r e  
a s  follows: 

Ref. No. Abbreviation 

STRU 
RFS 
MDS 
P W R  
CCS 
FDS 
AACS 

PYRO 
CABL 
P R O P  
T E M P  
DEV 
DSS 
SXA 
CRS 
PRA 
P W S  
L E C P  
P P S  
P L S  
UVS 
MAG 
ISS 
IRIS 

Subsystem 

St ruc ture  subsys tem 
Radio f requency  subsys tem 
Modulation demodulation subs  ys t e m  
Power  subsys tem 
Computer  command subsys t em 
Flight da t a  subsys tem 
Attitude and ar t icula t ion control  
subsys tem 
Pyrotechnic  subs ys t e m  
Cabling subsys tem 
Propuls ion subsys tem 
Tempera tu re  control  subsys t em 
Mechanical  devices  subsys tem 
Data s to rage  subsys tem 
S/X-band antenna subsys tem 
Cosmic  r a y  subsys tem 
P lane t a ry  radio as t ronomy subsys tem 
P l a s m a  wave subsys tem 
Low energy  charged par t ic le  subsys tem 
Photopolarimete r subsys tem 
P l a s m a  subsys tem 
Ultraviolet spec t rome te r  subsystem 
Magnetometer subs  ystem 
Imaging science subsys tem 
Inf ra red  i n t e r f e rome te r  s p e c t r o m e t e r  
and rad iometer  subsys tem 



6 .0  STRUCTURE AND CONTENT 

6. 1 S ~ e c i f i c  Guidelines 

a )  The only requirements which may be expressed in level 4 
functional requirements a r e  requirements on the subject subsys-  
t em covered by the functional requirement.  These requirements  
shall be : 

1) Explicitly and concisely expressed.  

2)  Recognizable through the presence of the verb, shall. 

b)  Requirements on other subsystems which impact the performance 
of the subject subsystem shall be incorporated a s  requirements in 
the appropriate level 3 functional requirement.  Level  4 re ference  
to these requirements a r e  to be identified through the verb, will. 

c )  Names of subsystem shall  not be capitalized. 

d )  Abbreviations used within the text shall be spelled out at  the i r  
f i r s t  usage. 

e )  Documents used within the text shall have number and ti t le at  
the i r  f i r s t  usage, thereaf ter  they shall  be referenced by their  
number only. 

f )  Information which i s  not established, at the t ime of writing, shall  
be identified a s  a representative number whenever possible. 
These numbers shall  be identified with a number sign ( # )  (denoted 
a t  the bottom of the same page a s  follows: # denotes represen-  
tative number). 

g)  Information which i s  unavailable a t  the t ime of writing shall  have 
a space reserved for i t ,  and identified with a "TBD (To Be 
Determined). 

h )  Standard introduction of section 2 of level 4 functional requi re-  
ments  shall  be provided to  the authors by  the MJS77 Spacecraft 
System Engineer. 

i )  All functional requirements shall l is t  MJS77 - 3  -1 00, Spacecraft 
Requirements and Constraints,  in section 2 .  Inclusion of other 
level 3 functional requirements i s  required in section 2 if and 
only if they a r e  re fer red  to in the text subsequent to section 2 .  



MJS77-1-100A 

6 . 2  Level  3 Functional Requirement Guidelines 

Section Content 

1 .0  SCOPE 

This  section shal l  be a concise statement identifying the 
topic covered by this requirement  and the use for  which 
the document i s  intended. 

APPLICABLE DOCUMENTS 

Supplementary and supporting documents shall  be l is ted in 
th i s  section and r e fe r r ed  t o  in the subsequent text.  

Subsequent sections shall  follow the format  specified below to  the 
extent that  they apply, When this  i s  not the case ,  corresponding 
Mar iner  M a r s  1971 (M71), Mar iner  Venus /Mercury  1973 (MVM73), 
and Viking Orbi te r  1975 (V075) documents should be used a s  guides. 

3. 0 SYSTEM REQUIREMENTS 

System-level  requirements  should appear  in section 3 .  0. 
If appropria te ,  th i s  section should include design philoso- 
phy, c r i t e r i a  and descr ipt ion at  the  sys tem level. 

4. 0 SUBSYSTEM REQUIREMENTS 

This  section i s  the subsystem-level counterpart  of 
sect ion 3. 0. 

6 .  3 Level  4 Functional Requirement Guidelines 

Each  level  4 (subsystem leve l )  functional requirement  shal l  consist  of 
eight sect ions  as descr ibed below. If one (or  m o r e )  of these  sect ions  
is not applicable t o  a par t icular  Level  4 functional requirement ,  i t  
should be so stated in  that functional requirement .  

Section Content 

1.0 SCOPE 

This  section shal l  be a concise  statement identifying the 
subsys tem covered by th i s  requirement  and the  use for  
which the subsys tem i s  intended. 

APPLICABLE DOCUMENTS 

Supplementary and supporting documents shal l  be l is ted 
in th i s  section. 



FUNCTIONAL REQUIREMENTS 

This section shal l  contain a l ist ing of each functional 
requirement  which this  subsystem must  satisfy. 

FUNCTIONAL DESCRIPTION 

This  section shal l  contain a descr ipt ion of the  spacecraf t  
subsystem. This descr ipt ion shal l  include a functional 
block diagram, a descr ipt ion of the operation of the ma jo r  
elements of the subsystem,  and a s ta te  d iagram.  Opera-  
tional sequences,  flow d iag rams  and other  tabular informa-  
tion may be included a s  required.  

INTERFACE DEFINITION 

This  section shall  contain a compilation of a l l  sy s t em 
level  in te r faces ,  each descr ibed and each  containing a 
l ist ing of a l l  applicable input's and outputs including the 
respective source o r  destination. These  interfaces  a r e  
in the following typical categories :  

a )  ' Optical 

b )  Mechanical 

C )  The rma l  

d )  E lec t r ica l  

e )  Radio Frequency 

f )  Radioactive 

Interfaces  with sys t ems  other  than the MJS77 spacecraf t  
shal l  be called out and referenced to  the  applicable In t e r -  
face Requirements Document. 

PERFORMANCE PARAMETERS 

This  section shall  s ta te  the required subsys tem p e r f o r m -  
ance p a r a m e t e r s  (nominal and operating range)  neces sa ry  
to  mee t  the  functional requi rements  of th i s  document, 
such a s  tempera ture ,  power, sensit ivity frequency 
response,  dynamic range resolution,  signal-t o-noise ratio,  
bit r a t e s ,  e tc .  

PHYSICAL CHARACTERISTICS AND CONSTRAINTS 

This  section shall  define physical  cha rac t e r i s t i c s  such a s  
m a s s ,  power, volume, environmental  conditions, operations 



conditions, e tc .  M a s s  and power shal l  be s ta ted i n  t e r m s  
of a r e f e r ence  t o  t he  Equipment and Mass  L i s t  (3-230) and 
the  Power  Prof i le  and Allocations (3  -2 50), respectively.  

8. 0 SAFETY CONSIDERATIONS 

Th i s  sect ion sha l l  l i s t  t he  fac tors  which mus t  be con- 
s ide red  i n  t h e  formulat ion of operat ional  p rocedure s  t o  
e n s u r e  the  safety  of personnel ,  equipment and faci l i t ies .  

9.0 SPECIAL REQUIREMENTS (SCIENCE SUBSYSTEMS 
ONLY) 

Th i s  sect ion shal l  l i s t  sc ience ins t rument  requi rements  
not covered i n  a previous  section.  The requi rements  i n  
th i s  sect ion shal l  include those  which a r e  neces sa ry  t o  
m o r e  completely cha rac t e r i ze  a science ins t rument  o r  
i t s  per formance  and sha l l  be  l imited t o  the  subsys tem o r  
s y s t e m  functional level. 

7 . 0  ABBREVIATIONS AND ACRONYMS 

The following a r e  abbreviations o r  ac ronyms f o r  words ,  ph ra se s ,  
quanti t ies and measu remen t s  which may  be  used in the MJS77 Func-  
t ional  Requi rements  Book. 

Words and P h r a s e s  

Abbreviations 

AACS 
AAI 
ACCEL 
ACIS 
ACQ 
ACT 
A /D 
ADC 
AEC 
AFETR 
AFETRM 
AGC 
AGE 
AHSE 
AMPL - 
ANT 
ANTCAL 
AOS 
A/  P 
APC 

Explanation 

Attitude and ar t icula t ion control  subs  ys t em 
All-axes  iner t i a l  
Acce l e rome te r  
Antenna control  and integration subassembly  
Acquisition 
Actuator  
Analog- to-digital  
Analog-to-digital  conver te r  
Atomic Ene rgy  Commission 
A i r  F o r c e  E a s t e r n  Tes t  Range 
A i r  F o r c e  E a s t e r n  T e s t  Range Manual 
Automatic gain control  
Aerospace  ground equipment 
Assembly ,  handling and shipping equipment 
Amplifie r 
Antenna 
Antenna cal ibrat ion link 
Acquisition of signal 
Autopilot 
Automatic phase control  



Abbrevia t ions  Explanation 

A / P H  
A / P W  
A s s y  
A . U .  
AUTO 
AUX 
A VG 
A Z  

BAT 
B B  
BECO 
B E R  
BOL 
BOM 
BOT 
B P  
BR 
BS 
B /U 

CA 
CABL 
CA LIB 
CAS 
CB 
CC 
CCS 
CCSUP 
CDS 
CDU 
CG 
CH 
CHRGR 
CI 
2CLGC 
3CLGC 
Clk 
CM 
CMD 
CMOS 
COND 
CONT 
CONV 
C P  
CRS 
CRT 
cs 
C SA 
CSIS  

Analog- to -pu l se  he ight  
Analog- to-pulse  width 
A s s e m b l y  
A s t r o n o m i c a l  unit 
Au tomat ic  
Auxi l ia ry  
A v e r a g e  
Az imuth  

B a t t e r y  
B e a m  blanking 
B o o s t e r  engine cut  off 
B i t  e r r o r  r a t e  
Beginning of l i fe  
Beginning of m i s s i o n  
Beginning of tape  
Bandpass  
B a n d r e j e c t  
B i t  sync  
Backup 

C l o s e s t  approach  
Cabling s u b s y s t e m  
Ca l ib ra t ion  
Command acquis i t ion  sequence  
C i r c u i t  b r e a k e r  
Coded c o m m a n d s  
Compute r  c o m m a n d  s u b s y s t e m  
C o m p u t e r  command  s u b s y s t e m  update link 
C i r c u i t  da ta  s h e e t  
Command d e t e c t o r  unit 
Center -of  - g r a v i t y  
Channe 1 
C h a r g e r  
Con t ro l  in fo rmat ion  
Two-colo  r global  coverage  l ink 
T h r e e - c o l o r  global  coverage  l ink 
Clock 
Center -of  - m a s s  
Command  
C o m p l e m e n t a r y  m e t a l  oxide semiconduc to r  
Condit ioner 
Continuous 
C o n v e r t e r  
C e n t r a l  P r o c e s s o r  
C o s m i c  r a y  s u b s y s t e m  
Cathode r a y  tube 
C i r c u l a t o r  swi tch  
C e l e s t i a l  s e n s o r s  a s s e m b l y  
C r u i s e  sun  s e n s o r  



Abbrev ia t ions  Explanat ion  

CSS 
CST 
CTA 21 

D 
DAC 
DC 
DCR 
D epl  
D E T  
DEV 
DIG 
DIST 
DMA 
DN 
D P E  
DRIR U 
DRVID 
DSIF 
DSN 
DSS 
DSSE 
DSS- (NO. ) 
DSST 
DTM 
D T R  

E 
E * t i m e  

E A  
E CI 
E C R  
E F F  
E L  
E M C  
EM1 
ENC 
ENG 
ENGR 
EOM 
E O T  
E R F  
E R L  
E R T S  
E SA 
ESF 
E T L  
E V  
E X P  

C e n t a u r  s t a n d a r d  sh roud  
Canopus s t a r  t r a c k e r  
Compat ib i l i ty  T e s t  A r e a  

Disab le  . 
Digi ta l - to  -analog c o n v e r t e r  
D i s c r e t e  command  
dc  r e s t o r a t i o n  
Deploy 
D e t e c t o r  
Mechan ica l  d e v i c e s  s u b s y s t e m  
Digi ta l  
Dis t r ibu t ion  
D i r e c t  a c c e s s  t o  m e m o r y  
D a t a  N u m b e r  
Dynamic  phase  e r r o r  
D r y  I n e r t i a l  R e f e r e n c e  Unit 
Di f fe rence  Range v e r s u s  In tegra ted  Doppler  
Deep Space  Ins t rumenta t ion  F a c i l i t y  
Deep Space  Network 
Da ta  s t o r a g e  s u b s y s t e m  
D a t a  s t o r a g e  s u b s y s t e m  e l e c t r o n i c s  
Deep  Space  Stat ion - ( n u m b e r  of s t a t ion)  
D a t a  s t o r a g e  s u b s y s t e m  t r a n s p o r t  
Development  t e s t  m o d e l  
Digi ta l  Tape  R e c o r d e r  

Enab le  
E n c o u n t e r  [ t i m e  of c l o s e s t  a p p r o a c h  

(CA)] * t i m e  f r o m  o r  t o  CA 
E l e c t r o n i c  A s s e m b l y  
Eng inee r ing  Change Ins t ruc t ion  
Eng inee r ing  Change R e q u i r e m e n t  
Eff ic iency 
E leva t ion  
E l e c t r o m a g n e t i c  compat ib i l i ty  
E l e c t r o m a g n e t i c  i n t e r f e r e n c e  
Encoun te r  
Engine  
Eng inee r ing  
End - o f - m i s s i o n  
End-of - t ape  
E r a s e  / r e a d  f r a m e  r a t e  
E r a s e  / r e a d  l ine r a t e  
E a r t h  R e s o u r c e s  Technology Sate l l i te  
Explos ive  sa fe  a r e a  
Exp los ive  Safe F a c i l i t y  
Env i ronmenta l  T e s t  L a b o r a t o r y  
Engine  valve  
E x p o s u r e  



Abbrevia t ions  Explanation 

F 
F A  
F C P  
F D S  
FDSUP 
F e  
FF 
F /F 
FIXLO 
F L T R  
F O M  
F O V  
F R  
F R E Q  
F S 
F SE 
FSK 
FSS 
F V  
FWHM 

G & C  
GC 
G C F  
G D / C  
GDS 
G F  E 
GHE 
GM T 
GS&E 
GY CAL 

H 
HARAD 
HE D 
H E T  
H F B  
HFLC 
H F M  
HGA 

HR 
HSDL 
HTR 
HVPS 
HYBIC 
HYPACE 

F i l a m e n t  
F l igh t  accep tance  
F l igh t  con t ro l  p r o c e s s o r  
F l igh t  da ta  s u b s y s t e m  
F l igh t  da ta  s u b s y s t e m  update l ink 
I r o n  
F o c u s  field 
Fl ip- f lop  
F ixed  F r e q u e n c y  Low Bi t  Ra te  
F i l t e r  
F i g u r e - o f - m e r i t  
F ie ld-of  -view 
Func t iona l  Requ i rement  
F r e q u e n c y  
F a c t o r  of sa fe ty  
F i l t e r  s t e p  enable  
F r e q u e n c y  shi f t  keyed 
F r e q u e n c y  se lec t ive  subre f l ec to r  
F u e l  valve 
F u l l  width - half m a x i m u m  

Guidance and Cont ro l  
Golay Coded f r a m e s  
Ground Communicat ion  F a c i l i t y  
G e n e r a l  Dynamics  /Convai r  
Ground Da ta  S y s t e m  
Government  fu rn i shed  equipment  
Ground Handling Equ ipment  
Greenwich M e a n  T i m e  
G e n e r a l  Science  and Eng inee r ing  
G y r o  ca l ib ra t ion  l ink  

Hydrogen 
H a r m o n i c  Radia t ion  
High e n e r g y  d e t e c t o r  
High e n e r g y  t e l e scope  
Hor izon ta l  f lyback 
High F r e q u e n c y  Log C o m p r e s s o r  
High f ield m a g n e t o m e t e r  
High gain antenna 
P e r i a p s i s  a l t i tude  
High p o w e r l l o w  power  
High r a t e  
High Speed Data Line  
H e a t e r  
High voltage power  supply  
Hybr id  buffer  i n t e r f a c e  c i r c u i t  
Hybrid p r o g r a m m a b l e  a t t i tude  c o n t r o l  e l e c t r o n i c s 1  i 



Abbrev ia t ions  Explanat ion  

NO 
NR T 
NR Z 
N R Z - L  
NSW. 

OBHFM 
O B L F M  
OC 
OCC 
OCCUL 
OD 
01 L 
Op- code  
OPSSG 
OSC 
o u  

P 
P B  
P C  
P C E  
P C M  
P / F R  
P h  
PHA 
P I  
P I X E L  
P L A T  
P L B K  
P L L  
P L S  
P M  
P M T  
P N  
POLHI 
P O L L 0  
POR 
P O S  
P P H  
P P M  
P P S  
P P S  
P Q  
P R A  
P R E S S  
P R O P  
P R O P  
P S  
PSK 

N o r m a l l y  open 
Non- r e a l  t i m e  
N o n - r e t u r n - t o - z e r o  
Non- r e t u r n - t o - z e r o - l e v e l  
Nonso la r  wind 

Outboard  high f ield m a g n e t o m e t e r  
Outboard  low field m a g n e t o m e t e r  
O v e r c u r r e n t  
Occul ta t ion  
Occul ta t ion  l ink  
O r b i t  d e t e r m i n a t i o n  
Out of  lock  
Opera t ions  code 
O u t e r  P l a n e t s  Space  Science  G r o u p  
Osc i l l a to r  
Output  unit  

P i tch ,  p a r i t y  bit ,  p r i m a r y  
P layback  
P r o c e s s o r  command  
P o w e r  conditioning equ ipment  
P u l s e -  code modula t ion  
P r o b l e m  / F a i l u r e  R e p o r t  
P h a s e  
P u l s e  he ight  a n a l y s i s  
P r i n c i p a l  inves t iga to r  
P i c t u r e  e l e m e n t  
P l a t f o r m  
P l a y b a c k  l ink 
P h a s e  - locked loop 
P l a s m a  s u b s y s t e m  
P r o p u l s i o n  module  
Pho tomul t ip l i e r  tube 
P s e u d o - n o i s e  
P o l a r i z a t i o n  High Bi t  R a t e  
P o l d r i z a t i o n  Low B i t  R a t e  
P o w e r  on r e s e t  
P o s i t i o n  
P u l s e  p e r  h o u r  
P u l s e  p e r  minute  
P u l s e  p e r  second 
P h o t o p o l a r i m e t e r  s u b s y s t e m  
P l a n e t a r y  quaran t ine  
P l a n e t a r y  r a d i o  a s t r o n o m y  s u b s y s t e m  
P r e s s u r e  
P r o p e l l a n t  
P r o p u l s i o n  s u b s y s t e m  
P i x e l  s y n c  
P h a s e  sh i f t  keying 



Abbreviations 

PSL 
PS&L 
PSS 
PSU 
PTM 
PTS 
PWR 
P W R  
PWS 
P Y  RO 

QA 
QTY 

R 
Rad 
RAM 
RASMA 
RCVR 
RDM 
REA 
R E F  
REG 
Rep1 
R F  
RFS 
RHCP 
RHU 
RI 
RIS 
R J  
r m s  
RIO 
RS 
RSS 
r s s  
RT 
RTG 
RTLT 
RZ 

S 
S 
S t ime 
SAE F 
SAF 
SC 
SCA 
SIC 
SCAN 
SCI 

Explanation 

Power source logic 
Power switching and logic 
Power supply subassembly 
Pyrotechnic switching unit 
Proof tes t  model 
Position and turn subassembly 
Powe r 
Power subsystem 
P l a s m a  wave subsystem 
Pyrotechnic subsystem 

Quality assurance 
Quantity 

Roll 
Radius 
Random access  memory 
Radio science maneuve r link 
Receiver 
Remote dr iver  module 
Reaction engine assembly 
Reference 
Regulator 
Replacement 
Radio frequency 
Radio frequency subsystem 
Right hand circular  polarization 
Radioisotope heater  unit 
Roll iner t ia l  
Remote input system 
Jupiter radius 
root mean square 
Readout 
Saturn radius 
Radio science subsystem 
root sum square 
Real t ime 
Radioisotope thermoelectr ic  generator 
Round t r ip  light t ime 
Return-to- zero 

Saturn 
Separation (secondary) 
Time relative to separation 
Spacecraft  Assembly and Encapsulation Facility 
Spacecraft  Assembly Facility 
Subcarr ie r  
Scan control actuators  
Spacecraft  
Science platform 
Science 



Abbreviations Explanation 

SE 
SEP 
S & H  
SFOF 
SI G 
SLC 
S/N 
SNR 
SPCAL 
SPE 
SR 
SS 
SIS 
STARAC 
STC 
STCE 
STDBY 
STRU 
SUNAC 
SW 
SWR 
SXA 
SYNC 
SY S 

Time ( t ime)  

TA 
TBD 
TC 
TCAPU 
TCM 
TCP 
TD 
TDS 
TEMP 
TEMP 
TET 
T G  
TLM 
TMU 
TOP 
T /R 
T VC 
TV-N 
TV-W 
TWT 
TWTA 

Support equipment 
Separation 
Sample and hold 
Space Flight Operations Facili ty 
Signal 
Skip on line count 
Serial  number 
Signal to noise ratio 
Scan platform calibration link 
Static phase e r r o r  
Status reg is te r  
Sun sensor ,  snapshot 
Subsystem 
Star  acquisition link 
System t e s t  complex 
System te s t  complex equipment 
Standby 
Structure subsystem 
Sun acquisition link 
Solar wind 
Standing wave ratio 
SIX-Band antenna subsystem 
Synchronization 
System 

Time relative to the LV-SIC launch sequence 
(stops during holds) 

Type approval 
To be determined 
Temperature control 
Trajectory correct ion attitude propulsion unit 
Trajectory correct ion maneuver 
Telemetry  and Command P r o c e s s o r  Assembly 
Tolerance detector 
Tracking and data sys tem 
Temperature 
Temperature control subsystem 
The Electron Telescope 
Timing generator  
Telemetry 
Telemetry-modulation unit 
Test  and Operations P lan  
Transformer  rect i f ier  
Thrust  vector control 
Narrow-angle television 
Wide-angle television 
Traveling wave tube 
Traveling wave tube amplifier 



Abbrev ia t ions  Exp lana t ion  

UIS 
U S 0  
uv 
UVS 

Val  
VCO 
Vd c 
V F B  
VIB 
VID 
VLBI  
VLOBR 
V 0 7 5  
V r m s  
VSWR 

X F E R  
XMIT 

7 . 2  Quant i ta t ive  

Mul t ip l ie  r 

1 0 l 2  

109  

1 o6 
l o 3  

1 o2 

U n i v e r s a l  i so l a t ion  swi t ch  
U l t r a  s t a b l e  o s c i l l a t o r  
U l t r av io l e t  
U l t r a v i o l e t  s p e c t r o m e t e r  s u b s y s t e m  

Valve 
Vol tage  con t ro l l ed  o s c i l l a t o r  
Vol t s  d i r e c t  c u r r e n t  
V e r t i c a l  f l yback  
V e r t i c a l  i n t e g r a t i o n  bui lding 
Vidicon 
V e r y  long b a s e l i n e  i n t e r f e r o m e t r y  
V e r y  low b i t  r a t e  
Viking O r b i t e r  1975 
Vol t s  r o o t  m e a n  s q u a r e  
Vol tage  s t and ing -wave  r a t i o  

Wide a n g l e  

T r a n s f e r  
T r a n s m i t  

Y a w  

P r e f i x  

t e r a  

gigs 

m e g a  

k i l o  

h e c t o  

d e k a  

d e  c i  

c e n t i  

milli 

m i c r o  

nano  

p i c0  

f e m t o  

a t t o  

S y m b o l  . 



7 . 3  M e a s u r e m e n t  A b b r e v i a t i o n s  

Abbrev ia t ion  

A  
li 
A C  
A U  
bps3 
c m  
CPS 
d c  
deg  
" C 
C 
K 
d  i a 
F 
f PS 
H 
h  
Hz  
I n .  
J 
kg 
l b  
lbf 
l b m  
m 
m i n  
m p s  
N 
a 
PPS 
p s i a  
p s ig  
r a d  
S 

S r  
T 
v 
W 
Wb 

Unit 

a m p e  r e  
a n g s t r o m  

' a l t e r n a t i n g  c u r  r e n t  
a s t r o n o m i c a l  unit  
b i t s  p e r  s e c o n d  
cub ic  c e n t i m e t e r s  
c y c l e s  p e r  s e c o n d  
d i r e c t  c u r r e n t  
d e g r e e  (of a r c )  
d e g r e e  c e l s i u s  
cou lomb  
Kelvin 
d i a m e t e r  
f a r  ad 
f e e t  p e r  s e c o n d  
h e n r y  
h o u r  
h e r t z  ( c p s )  
i nch  
joule 
k i l o g r a m  
pound 
pound f o r c e  
pound m a s s  
m e t e r  
m i n u t e  
m e t e r s  p e r  s econd  
newton 
o h m  
p u l s e s  p e r  s e c o n d  
pounds p e r  s q u a r e  inch  ( a b s o l u t e )  
pounds p e r  s q u a r e  inch  (gauge )  
r a d i a n  
s e c o n d  
s t e r a d i a n  
t e s l a  
vo l t s  
wa t t  
w e b e r  
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MARINER JUPITERISATuRN 1977 

SPACECRAFT DESIGN CRITERIA 

#$ Denotes Change 

1.0 SCOPE 

The purpose of this  document i s  to  define the c r i t e r i a  to be applied 
to  the design and development of the Mariner  ~ u ~ i t e r / ~ a t u r n  1977 
(MJS77) Spacecraft. This document will provide the guidelines 
to be used by the Spacecraft  System in implementing the requi- 
ments  imposed by the MJS77 Project.  

APPLICABLE DOCUMENTS 

None 
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3. 0 DESIGN APPROACH 

3. 1 The design philosophy adopted for  the MJS77 Mission i s  t o  design a 
spacecraf t  based on the existing Mariner  and Viking designs and 
experience.  Viking Orbi te r  197 5 (V075) inheritance will be uti l ized 
where cost  effective. 

New design approaches or changes w i l l  be utilized where neces sa ry  to: 

a )  Achieve mis  sion ob je ctives. 

b) Accommodate Titan 111 E /  Centaur Dl - T 
launch vehicle. 

C )  Incorporate final  injection capability. 

d) Accommodate p a r t s  availability and reliability. 

e )  Meet MJS77 environmental  requirements.  

Other changes w i l l  be considerkd which: 

f )  Reduce cost. 

g) Improve reliability. 

h) Ensu re  safety. 

i) Reduce m a s s  and /o r  power. 

Incorporation of design fea tures  t o  satisfy future requi rements  of 
s imi l a r  miss ions w i l l  be permitted if these  requirements  a r e  con- 
s is tent  with MJS77 Pro jec t  requirements  and constraints.  

It i s  a design goal that  the MJS77 Spacecraft  sha l l  be capable of 
performing operational sequences under control  of on-board logic 
and measurement  devices to the maximum extent consis tent  with 
project  constraints.  

Ground command capability shal l  be provided for: 

a )  Loading and updating of the computer flight sequences. 

b) Initiating the t ra jec tory  correct ion maneuver sequences. 

c )  Backing- up c r i t i ca l  on- board commands. 

d)  Loading and updating of the flight data handling programs.  



e )  Loading and pa rame te r  updating of the Attitude and 
Articulation Contr 01 program.  

f Switching t o  redundant elements.  

3. 5 All spacecraf t s  shal l  be identical with respec t  t o  e lec t r ica l  and 
mechanical  configuration. The t ransmit ted and received frequencies 
for  each  shal l  be different. This identicality shal l  not only yield the 
capability of launching any spacecraf t  initially but shal l  a l so  posses s  
the flexibility of targeting fo r  any of the allowable aiming points. 
T h e  capability sha l l  a l s o  exis t  t o  modify the selected aiming point 
a f t e r  launch. 

3. 6 T h e  spacecraf t  design sha l l  be  based on the  environments expected 
f r o m  the  t i m e  of init ial  assembly  in the  JPL Spacecraf t  Assembly  
Fac i l i ty  (SAF) through ground tes t ,  t ransporta t ion,  launch, c ru i se ,  
and encounter operations.  The two flight spacecraf t  and the i r  compo- 
nents  will  not be allowed to  be subjected to  environments beyond flight 
acceptance levels .  Safeguards t o  prevent over tes t  levels  sha l l  be 
provided in the  operations and ground facil i t ies,  and not put in the 
flight hardware .  The proof t e s t  model (PTM) equipment will be 
refurbished where required a f te r  type approval level t e s t s  for 
flight s p a r e  use .  

3. 7 On-pad t e s t s  and operations sha l l  be limited t o  the minimum required 
t o  t u rn  the spacecraf t  on, ready i t  f o r  launch, verify i t s  launch phase 
read iness  and r ecove r  f r o m  an  abort. Only system level  checks shal l  
be performed af te r  the spacecraf t  has  left the final assembly  a r e a ,  
and no operation shal l  be conducted on the pad, unless that operation 
has  been previously checked out in SAF or  Building A 0  a t  A i r  F o r c e  
E a s t e r n  Tes t  Range (AFETR) under comparable environments. No 
provis ions  sha l l  be made f o r  component o r  subsystem testing f r o m  
the Launch Complex Equipment (LCE) .  

3. 8 The spacecraf t  shal l  be instrumented,  t o  the extent pract ical ,  t o  
obtain diagnostic te lemet ry  in the event of fa i lu res ,  whether the 
f a i l u re s  a r e  caused by sys tem malfunction or by the encountering of 
environments beyond those accounted fo r  in the design. 

+ 3 . 9  The ability of the-subsys tems  to  meet  the radiation environment 
shal l  be accomplished using the following priori ty:  

a) Direc t  replacement  of pa r t s  f r o m  the MJS77 pa r t s  l i s t s .  

b Circui t  redesign.  

c )  Radiation hardened pa r t s ,  developed through the negotiation 
of special  p roces ses  and screening. 

d) Addition of shielding m a s s .  



Subsystems meet  the radiation requi rements  when: 

a )  Engineering and imaging subsys tems  have pa r t s  capability 
a factor  of two above the expected internal  p a r t s  environment 
fo r  fluence. 

b) Other  sc ience subsys tems  have pa r t s  capability equal to the  
expected internal  p a r t s  environment fo r  fluence. 

C )  Engineering subsys tems  have in specification functional p e r -  
formance capability a factor  of two above the expected internal  
p a r t s  environment fo r  flux. 

d) All sc ience subsys tems  have acceptable functional per formance  
capability equal t o  the expected internal  p a r t s  environment fo r  
flux. 

All  designs shal l  be subjected to  type approval  and flight acceptance 
tes t ing except in those a r e a s  where  i t  i s  cos t  and r i s k  factor  effec- 
t ive,  to  do verif ication by analysis .  As a corol lary  t o  th i s  r equ i r e -  
ment,  development tes t ing shal l  p r imar i ly  be  regarded  a s  a tool fo r  
purpose of confirming the  ana lys i s  r a the r  than verif ication of the 
design.  

The requi rement  for  long spacecraf t  l ife t o  achieve miss ion  succes s  
i s  recognized. No design decis ion shal l  be made  which would p r e -  
clude a t ta inment  of a 7 -year  miss ion  l i fe t ime without p r io r  project  
office approval.  

The spacecraf t  design sha l l  include the  capability of t e rmina t ing  and 
re-es tabl ishing R F  t r ansmis s ion  upon command. 

RELIABILITY CRITERIA 

The spacecraf t  design shal l  be  governed by the  policy that  the  requi re -  
ment  fo r  re l iable  operat ion takes  precedence over  the requi rements  
fo r  additional capabil i tylflexibil i ty beyond that  requi red  t o  achieve 
the bas ic  miss ion.  

The design should take advantage of the  Mar ine r  Venus /Mercu ry  1973 
(MVM73) and V075 equipment and designs and of the  exper ience 
gained in  the previous M a r i n e r  and V075 pro jec t s  to  the max imum 
feasible extent. 

Where t h e r e  a r e  new designs  o r  modifications t o  the  previous  
Mar ine r  o r  V075 designs ,  c a r e  shal l  be  taken in the  choice and con- 
t ro l  of new fabrication techniques and operat ional  p rocedures  s o  that  
the probability of success  will be enhanced over  the  previous  M a r i n e r  
o r  V075 designs .  



Within cost ,  m a s s ,  and schedule constra ints ;  block, functional o r  
a l t e rna t e  mode redundancy should be employed such that  no single 
fa i lure  mode of any component (e lect ronic ,  mechanical ,  pyrotechnic,  
e lect romechanical ,  o r  s t ruc tu ra l )  could cause  the l o s s  of a l l  data  r e -  
t u rn  f r o m  m o r e  than one science ins t rument  o r  the l o s s  of m o r e  than 
50 percen t  of the engineering data .  Acceptable single point fa i lure  
r i s k s  shal l  be  defined in  MJS77- 3-  100, Spacecraf t  Requi rements  and 
Constra ints .  

Functional inter-dependency between subsys t ems  sha l l  be used  only 
where  such design contr ibutes  to  the flexibility a n d / o r  t he  economy 
of the  s y s t e m  without reducing the  sys t em reliability. It  shal l  be a 
goal that  a fa i lure  in dependent e lement  o r  i t s  in te r face  sha l l  c ause  
only a graceful  degradation of the s y s t e m  per formance .  

All  scientif ic ins t ruments  shal l  be  designed t o  be functionally inde - 
pendent of one another .  The spacecraf t  shal l  be  designed in  such a 
manne r  that  a fa i lure  in one ins t rument  o r  i n  a non-science subsys-  
t e m  common t o  the support  of s eve ra l  ins t ruments  will have a min i -  
m u m  effect on the total data  received and other  spacecraf t  functions. 

P a r t i c u l a r  emphasis  shall  be  placed upon proven designs  plus new 
designs  which contribute to  the  s y s t e m ' s  flexibility a n d / o r  economy 
without reducing the  s y s t e m ' s  rel iabil i ty along with a complete  p ro-  
g r a m  of component, subsys tem and s y s t e m  testing.  

SCHEDULE CRITERIA 

Since the miss ion  objectives involve the 1977 Jup i te r /  Saturn 
opportunity, a l l  designs ,  techniques and components mus t  be com-  
patible with the pro jec t  development t ime  schedule,  including a l l  
in termediate  milestone objectives leading up to  the launchings. 

SPACE CRAFT LIMITATIONS 

T h e  launch m a s s  of spacecraf t  and adapte r  sha l l  be  maintained 
compatible with the launch vehicle capability and miss ion  r equ i r e -  
ments.  Adequate marg ins  shal l  be allocated t o  avoid conflicts la te  in  
the development schedule. 

The defined miss ion lifetime t o  be used in the spacecraf t  design 
activity shal l  be interplanetary c ru i s e  t o  a to ta l  miss ion  durat ion of 
four  (4) y e a r s  including eighty (80) days  of planetary encounter  a t  
each  planet ( Jup i te r  and Saturn).  The quantity of expendables 
sha l l  mee t  the  above requi rement  plus flight to a hel iocentr ic  
r ange  of 20 AU.  

The power profi le shal l  be compatible with the capability of the t h r ee  
MJS77 multihundred watt radioisotope thermoelec t r ic  genera tors .  



COMPETING CHARACTERISTICS 

In the  event  of des ign  conf l ic ts ,  w h e r e  modes t  c o m p r o m i s e  i s  
r e q u i r e d ,  e m p h a s i s  should be given the following functions in  o r d e r  
l i s t ed  while cons ider ing  the cos t  e f fec t iveness  of e a c h  case:  

a )  Communicat ion  with and con t ro l  of the  Miss ion Module. 

b) Acquisi t ion and r e t u r n  of encoun te r  sc ience  data.  

C )  Acquisi t ion and r e t u r n  of in te rp lane ta ry  sc ience  data. 

d) Acquisi t ion and r e t u r n  of pos t  Sa tu rn  i n t e r p l a n e t a r y  s c i e n c e  
data. 

e Compatibi l i ty of the  des ign  with l a t e r  m i s s i o n  r e q u i r e m e n t s .  

NASA - JPL - Cornl., L.A.,  Calif. 
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S C O P E  

T h i s  document  d e s c r i b e s  the  M a r i n e r  J u p i t e r I S a t u r n  1977 (MJS77) 
Spacecra f t  System,  de f ines  the  s p a c e c r a f t  s u b s y s t e m s ,  spec i f i e s  the  
s y s t e m  l e v e l  r e q u i r e m e n t s  f o r  t h e i r  p e r f o r m a n c e  and design,  and 
d e l i n e a t e s  the  c o n s t r a i n t s  which a r e  imposed  on e a c h  s u b s y s t e m  b y  
the  s y s t e m  and b y  o t h e r  s u b s y s t e m s .  I t  is  t h e  control l ing  document  
f o r  genera t ion  of t h e  l e v e l  3 and  4 functional  r e q u i r e m e n t  documents  
contained in t h e  MJS77 Spacecra f t  Func t iona l  R e q u i r e m e n t s  Book, 
PD618-205. 

2 . 0  A P P L I C A B L E  DOCUMENTS 

T h e  following d o c u m e n t s  f o r m  a p a r t  of t h i s  Funct ional  R e q u i r e m e n t .  

DOCUMENTS 
k 

Jet Propu l s ion  L a b o r a t o r y  

M a r i n e r  ~ u p i t e r / ~ a t u r n  1977 M i s s i o n  
and  Science  R e q u i r e m e n t s  Document 

M a r i n e r  - ~ u p i t e r / s a t u r n  1977 P r o j e c t  
Safety P l a n  

M a r i n e r  J u p i t e r I S a t u r n  1977 P r o j e c t /  
Launch Vehicle S y s t e m s  R e q u i r e m e n t s  

M a r i n e r  J u p i t e r I S a t u r n  1977 Suppor t  
Equipment  Funct ional  R e q u i r e m e n t s  
Book 

M a r i n e r  J u p i t e r  /Sa tu rn  1977 Spacecra f t  
Sys tem Configurat ion Management  P lan  

M a r i n e r  J u p i t e r I S a t u r n  1977 Te lecom-  
municat ion Design Control  Document  

M a r i n e r  J u p i t e r I S a t u r n  1977 S p a c e c r a f t /  
M i s s i o n  Opera t ions  S y s t e m  In te r face  
Control  Document  

FUNCTIONAL REQUIREMENTS 

J e t  P ropu l s ion  L a b o r a t o r y  

Funct ional  R e q u i r e m e n t .  M a r i n e r  
J u p i t e r  /Sa tu rn  1977 Spacecra f t  Design 
C r i t e r i a  



Functional  Requi rement ,  M a r i n e r  
Jup i te r / sa tu rn  1977 Functional  Block 
D iag ram and Interface  L is t ings  

Functional  R equirement ,  Mar ine  r 
J u p i t e r / ~ a t u r n  1977 Flight Sequence 
Implementation 

Functional  Requirement ,  M a r i n e r  
Jupite r / sa tu rn  1 977 Standard 
T r a j e c t o r i e s  

Functional  Requirement ,  M a r i n e r  
Jupite r / sa tu rn  1 9 7 7 Nominal Aiming 
Point Select ion 

Functional  Requirement ,  M a r i n e r  
~ u p i t e r / s a t u r n  1977 Navigation 
Requi rements  

Functional  Requi rement ,  M a r i n e r  
J u p i t e r / ~ a t u r n  1977 Functional  Accuracy  
and Sys tem Capabil i t ies 

Functional  R equirement ,  M a r i n e r  
~ u p i t e r / s a t u r n  1977 Configuration 

Functional  Requirement ,  M a r i n e r  
Jup i te r / sa tu rn  1977 S t ruc tu ra l  Design 
C r i t e r i a  
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3 .0  SYSTEM REQUIREMENTS 

3.1 Gene ra l  

Science Ca l ib ra t ion  T a r g e t  - St ruc tu r a l  
In te r face  

a The  MJS77 Spacecra f t  s y s t e m  shal l  be compat ible  with the 
r equ i r emen t s  specif ied in PD618- 51, Miss ion and Science 
Requ i r emen t s  Document.  

b) All e l emen t s  of the spacec r a f t  s y s t e m  shal l  comply with the  
des ign  c r i t e r i a  specif ied in  MJS77-2- 100,  Spacecra f t  Design 
C r i t e r i a .  

c All e l emen t s  of the spacec r a f t  s y s t e m  sha l l  comply with the 
r equ i r emen t s  of th i s  functional  r equ i r emen t  and a l l  o the r  



applicable level 3 spacecraft  functional requirements. In the 
case  of conflict between this and any other level 3 spacecraft  
functional requirement,  the requirements of this document 
shall  prevail. 

Deviations from, and exceptions to, the contents of this 
document must  be specifically waived. Waivers shall  be in 
accordance with the waiver procedure contained in PD618-232, 
Spacecraft System Configuration Management Plan. 

3.2 System Definition 

The spacecraft  sys tem includes the spacecraft, the spacecraft  
adapter, the support equipment, and the spacecraft  software. 

3. 2. 1 Spacecraft 

In addition to i t s  scientific data  gathering function, the MJS77 space- 
c raf t  a lso provides the final injection energy to place the spacecraft 
on the desired trajectory. The spacecraft  i s  composed of a Propul- 
sion Module (PM)  and a Mission Module (MM), The PM is the 
portion of the spacecraf t  which provides the final injection and i s  
separated f rom the MM once the injection has  been achieved. The 
MM i s  the portion of the spacecraft  which contains the science in- 
s t ruments  and supports data gathering and t ransmission throughout 
the mission. 

3.2.2 Spacecraft Adapter 

The Spacecraft Adapter i s  composed of the transition s tructure and 
the associated equipment and cabling located between the field joint 
and the aft separation plane. 

'*. 3 . 2 . 3  Support Equipment 

The Support Equipment includes the System Tes t  Complex, the Launch 
Complex Equipment, and all  special test  facili t ies required for  testing 
of separate  subsystems and the assembled spacecraft  during system 
tes t  and launch operations phases. Support Equipment shall  be pro-  
vided as  required by PD618-206, Support Equipment Functional 
Requirements Book. 

3 . 2 . 4  Spacecraft Software 

Software f o r  the MJS77 Spacecraft System is divided into three  
general categories 

a )  Flight software i s  defined a s  being on-board coding associated 
with the flight programs f o r  the computer command subsystem, - 
flight data subsystem, and the attitude and articulation control 
subsystem. 



b) Flight support software i s  defined a s  that ground coding which 
i s  used directly to generate the flight coding, or i s  used to 
simulate the operation of flight hardware.  It does not include 
that coding used to analyze and predict  subsystem performance.  

c) Support equipment software i s  defined a s  that ground coding 
which i s  utilized during the fabrication and tes t  phases of the 
spacecraf t  system in the subsystem or system support 
equipment. 

3.2.5 Subsystem Requirements 

The spacecraf t  equipment shal l  be divided by function into a number 
of subsystems. Definitions of the subsystems,  requirements  placed 
upon them by other subsystems,  and major  sys tem requirements  on 
subsystems a r e  established in Section 4.0  of this document and in 
other Level 3 functional requirement documents. Detailed functional 
requirements  a r e  established in the Level 4 Functional Requirement 
Documents . 

3.2.6 Internal Electr ical  Interfaces 

The internal e lec t r ica l  interfaces a r e  defined to include a l l  signals 
that a r e  routed through sys t em cabling. This  includes intersub- 
sys t em signals and intra subsystem signals when electronic packages 
of the s a m e  subsystem a r e  not located in one bay. Internal  e lectr ical  
interfaces a r e  defined in MJS77- 3-  11 0, Functional Block Diagram 
and Interface Listings. 

3.2.7 External  Interfaces 

3.2.7. 1 General. This paragraph specifies the requirements  on the space-  
c raf t  sys tem due to interfacing with other sys tems of the project  
which a re :  Mission Operations System (MOS), the Tracking and 
Data System (TDS), and the Launch Vehicle System (LVS). 

+!!e3. 2 .  7. 2 Interface with the MOS. All e lements  of the spacecraf t  sys tem shal l  
mee t  the requirements  of Spacecraft/MOS Interface Control Document 
PD618-530. 

* 3. 2 .  7.  3 Interface with the TDS. All elements of the spacecraf t  sys tem shal l  
meet  the requirements  specified in the Telecommunications Design 
Control Document PD618-257. 

#$ 3. 2 .  7. 4 Interface with the LVS. A l l  e lements  of the spacecraf t  sys tem shall  
mee t  the requirements  of MJS77 Proiec t  Launch Vehicle System 

A 

Requirements, PD6 18- 59. 

+@ 3. 2. 7. 4. 1 Separation Signal. The launch vehicle will provide a 28 Vdc level 
input to  the spacecraf t  a t  Spacecraf t /Launch Vehicle (LV) separation 
minus 7 s. 



3. 3  D e s i g n  C h a r a c t e r i s t i c s  

46 3. 3. 1  G e n e r a l  

T h e  MJS77  s p a c e c r a f t  s h a l l  b e  a t t i t ude  s t a b i l i z e d  in  t h r e e  a x e s  u s ing  
the Sun and  a  s t a r  a s  p r i m a r y  r e f e r e n c e  o b j e c t s  while  ma in t a in ing  
c o m m u n i c a t i o n s  wi th  the E a r t h .  T h e  s p a c e c r a f t  s h a l l  h a v e  two-way 
c o m m u n i c a t i o n s  e q u i p m e n t  which p e r m i t s  the t r a n s m i s s i o n  of s c i e n c e  
d a t a  t o  t h e  E a r t h ,  r e c e i p t  of c o m m a n d  t r a n s m i s s i o n  a t  t he  s p a c e c r a f t ,  
and  two-way and one -way  d o p p l e r  t r a c k i n g  and  r a n g e  m e a s u r e m e n t s .  
T h e  s p a c e c r a f t  s h a l l  b e  c a p a b l e  of execu t ing  o n - b o a r d  s t o r e d  s e q u e n c e s  
f o r  t r a j e c t o r y  c o r r e c t i o n  and  s c i e n c e  i n s t r u m e n t  poin t ing  m a n e u v e r s ,  
an t enna  pointing, s c i e n c e  i n s t r u m e n t  pointing, s c i e n c e  and  e n g i n e e r -  
ing d a t a  acquis i t ion ,  and  d a t a  f o r m a t t i n g .  T h e  s p a c e c r a f t  s h a l l  d e r i v e  
i t s  e l e c t r i c a l  p o w e r  f r o m  s o l a r  i ndependen t  s o u r c e s .  

3 .  3 . 2  Sc ien t i f ic  E x p e r i m e n t s .  

The  s p a c e c r a f t  wi th  i t s  s c i e n t i f i c  i n s t r u m e n t s  wi l l  a l l ow e x p e r i m e n t s  
t o  be p e r f o r m e d  d u r i n g  c r u i s e  p h a s e  be tween p l a n e t s  and  i n  the  
v ic in i ty  of .Jupiter and  S a t u r n  including s e l e c t e d  s a t e l l i t e s  and S a t u r n ' s  
r i n g s .  In addi t ion ,  i t  i s  expec ted  tha t  wi th  t h e s e  i n s t r u m e n t s  a n  
ex tended  m i s s i o n  to  i nves t iga t e  the r e g i o n  beyond S a t u r n  could be 
p e r f o r m e d  unt i l  t e r m i n a t e d  by a  dep le t ion  of e x p e n d a b l e s ,  i nadequa te  
p e r f o r m a n c e  capab i l i t y  o r  M M  f a i l u r e .  T h e  r a d i o  s c i e n c e  e x p e r i m e n t  
i s  acco tnp l i shed  u i t h  the MM t e l e c o m m u n i c a t i o n s  equ ipmen t .  The  
s c i e n c e  s u b s y s t e m s  a r e  l i s t ed  below: 

C o s m i c  Ray  S u b s y s t e m  
P l a n e t a r y  Rad io  A s t r o n o m y  S u b s y s t e m  
P l a s m a  Wave S u b s y s t e m  
Low E n e r g y  C h a r g e d  P a r t i c l e  S u b s y s t e m  
P h o t o p o l a r i m e t e r  S u b s y s t e m  
P l a s m a  S u b s y s t e m  
U l t r a v i o l e t  S p e c t r o m e t e r  S u b s y s t e m  
M a g n e t o m e t e r  S u b s y s t e m  
Imaging  S c i e n c e  S u b s y s t e m  
I n f r a r e d  I n t e r f e r o m e t e r  S p e c t r o m e t e r  

and R a d i o m e t e r  S u b s y s t e m  

* 3 . 3 . 3  Naviga t ion  

3 3. 3.  1  T r a j e c t o r i e s  

( IRIS) 

* 3 .  3. 3. 1 .  1  I n t e r p l a n e t a r y .  All  e l e m e n t s  of the  s p a c e c r a f t  s h a l l  be compa t ib l e  
wi th  the  s e t  of t r a j e c t o r i e s  r e p r e s e n t e d  i n  MJS77-3-130,  S t anda rd  
T r a j e c t o r i e s .  



& 3. 3. 3 . 1 . 2  Encounter. All e lements  of the spacecraf t  shall be compatible with 
the range of t ra jec tor ies  described in MJS77-3- 140, Nominal Aiming 
Point Selection. 

$: 3. 3 .  3. 2 Trajectory Correct ions.  Requirements placed on the MM to 
support t ra jectory correct ion maneuvers  a r e  specified in 
MJS77-3-150, Navigation. 

3 .3 .4  Spacecraft  States 

A se t  of state var iables  shall  be defined for  each spacecraf t  subsys- 
tem.  Each allowable s e t  of state var iables  constitutes a subsystem 
state.  Each allowable se t  of subsystem states  constitutes a system 
state.  

3. 3. 4. 1 Operating States. Operating s ta tes  a r e  defined to include the 
subset of sys tem states  identified by one or m o r e  of the following: 

a )  States which exis t  during the mission sequence specified in 
M JS77- 3- 120, Flight Sequence Implementation, a s  controlled by 
on- board switching or  ground command. 

b) The s tate  i s  required to exist  for  verification of the spacecraf t  
performance during sys t em test .  + 3. 3.4. 2 Constraints 

a )  Each sys tem operating s ta te  shal l  be uniquely identified via  
the spacecraf t  te lemetry  s tatus  r eg i s t e r s  and/or  explicit 
t e lemetry  measurements .  

b) All sys t em operating s ta tes  shal l  be attainable by means of 
at leas t  one of the following types of inputs: 

1) On-board sensing and switching. 

3) CCS coded commands. 

CCS commands a r e  l isted and defined in MJS77-3-290, Com- 
mand Structure and Assignments. 

c )  With the exception of unlatching and deployment functions, 
r e l ease  of s tored gas, propulsion operations, o r  fai lure  mode 
switching it shall  not be possible to place the spacecraf t  in a 
s ta te  such that exit f r o m  that s ta te  is impossible, nor  shal l  it 
be  possible to  cycle the spacecraf t  through an operating s tate  
in such a manner  that no means  of returning f r o m  that s ta te  i s  
possible. 

d)  No sys t em s ta te  shal l  exis t  for  the purpose of verification of 
S I C  performance, i f  t ransit ion to a normal  flight s ta te  cannot be 
achieved via spacecraf t  commands. 
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e  I t  s h a l l  be p o s s i b l e  t o  condi t ion  t h e  s p a c e c r a f t  to t he  l aunch  
s t a t e  wh i l e  on  the  l aunch  pad us ing  the r a d i o  l ink  only excep t  
f o r  t he  following u m b i l i c a l  func t ions :  

1 ) E x t e r n a l l i n t e r n a l  power  s e l e c t  

2 )  Standby to  m a i n  i n v e r t e r  s e l e c t  

3) Solid r o c k e t  m o t o r  s a f e - a r m  

4) F l i g h t  d a t a  s u b s y s t e m  ( F D S )  m e m o r y  load ( t h e  s p a c e -  
c r a f t  s u p p l i e s  p o w e r  to the  FDS)  

f )  T h e  d e s i g n  of the  s p a c e c r a f t  s h a l l  be s u c h  t h a t  no s ing le  c o m -  
mand  c a n  p l a c e  t h e  s p a c e c r a f t  i n  a  s t a t e  t h a t  v i o l a t e s  t he  r e l i a -  
bi l i ty  c r i t e r i a  f o r  a  s i n g l e  f a i l u r e  a s  def ined  in  MJS77-2-100.  

g  A t  s u b s y s t e m  p o w e r  t u r n - o n ,  s u b s y s t e m s  s h a l l  go  t o  a  spec i f i c  
p r e d i c t a b l e  s t a t e .  T h i s  r e q u i r e m e n t  m a y  be sa t i s f i ed  by 
p o w e r - o n - r e s e t  log ic  o r  by r e m a i n i n g  in  the  s t a t e  t h a t  ex i s t ed  
a t  p o w e r  turn-of f .  

3 . 3 . 5  C o m m u n i c a t i o n s  

T h e  s p a c e c r a f t  s h a l l  p r o v i d e  f o r  c o m m u n i c a t i o n s  to  and  f r o m  the  e a r t h  - 
f o r  c a r r i e r  t r a c k i n g ,  r a n g i n g ,  t e l e m e t r y  and  c o m m a n d i n g .  T h e  s p a c e -  
c r a f t  t e l e c o m m u n i c a t i o n s  d e s i g n  s h a l l  be a  unif ied s y s t e m  s u c h  t h a t  a l l  
f unc t ions  rrlay be u t i l i zed  s i m u l t a n e o u s l y .  T h e  c o m m u n i c a t i o n s  d e s i g n  
of the  s p a c e c r a f t  s h a l l  be c o m p a t i b l e  w i th  the  D e e p  S p a c e  Ne twork  and 
s h a l l  c o m p l y  wi th  P D 6  18- 2 57. 

F u n c t i o n a l  r e q u i r e m e n t s  on  the  s p a c e c r a f t  t e l e c o m m u n i c a t i o n s  equip-  
m e n t  a r e  spec i f ied  i n  MJS77-  3-  300 ,  T e l e c o m m u n i c a t i o n s .  

3. 3. 6 At t i tude  & A r t i c u l a t i o n  C o n t r o l  

G e n e r a l .  T h e  s p a c e c r a f t  s h a l l  e s t a b l i s h  and  m a i n t a i n  a t t i t ude  o r i e n t a -  
t ion  and  s t ab i l i t y  a b o u t  t h r e e  o r thogona l  body a x e s  d u r i n g  a l l  p h a s e s  
of the  m i s s i o n  fol lowing s e p a r a t i o n  f r o m  the  L V .  T h e  s p a c e c r a f t  s h a l l  
u s e  t he  s u n  a s  a n  a t t i t ude  r e f e r e n c e  f o r  i t s  p i t ch  and  yaw a x e s ,  and  a  
p r e d e t e r m i n e d  s t a r  ( C a n o p u s )  f o r  i t s  r o l l  a t t i t ude  r e f e r e n c e .  T h e  
s p a c e c r a f t  s h a l l  c o n t r o l  t o  i n e r t i a l  r e f e r e n c e s  f o r  t h r u s t  v e c t o r  c o n t r o l  
d u r i n g  in j ec t ion ,  t h e  MM s h a l l  c o n t r o l  t o  i n e r t i a l  r e f e r e n c e s  d u r i n g  
T r a j e c t o r y  C o r r e c t i o n  M a n e u v e r s ,  S c i e n c e  M a n e u v e r s  and  a t  t h o s e  
t i m e s  when  c e l e s t i a l  r e f e r e n c e  s i g n a l s  a r e  not  a v a i l a b l e .  T h e  M M  
s h a l l  a l s o  be c a p a b l e  of a r t i c u l a t i n g  a s c i e n c e  s c a n  p l a t f o r m  i n  two 
r o t a t i o n a l  d e g r e e s  of f r e e d o m  r e l a t i v e  t o  t he  MM. At t i tude  and  a r t i c -  
u l a t ion  c o n t r o l  p e r f o r m a n c e  r e q u i r e m e n t s  a r e  spec i f i ed  i n  MJS77- 3 -  
170 ,  F u n c t i o n a l  A c c u r a c i e s  and  S y s t e m  C a p a b i l i t i e s .  



* 3. 3. 6. 2 Attitude Control  C r u i s e  Stability. During c r u i s e ,  the MM angula r  
r a t e  sha l l  be - < 8 p r a d / s  f o r  each  a x i s  dur ing undisturbed l i m i t  
cycle  operat ion.  

* 3. 3.6. 3 Science P l a t f o r m  Art icula t ion Control .  The sc ience  s can  p la t fo rm 
coordinate  s y s t e m  is defined in MJS77- 3- 180, Configuration.  
Pointing and set t l ing r equ i r emen t s  a r e  with r e f e r ence  to the L 
vec to r  re la t ive  to i ne r t i a l  space.  

a) Art icula t ion r ange  of the  s c i ence  s c a n  p l a t fo rm  L vec tor  sha l l  
conform to  the  r equ i r emen t s  of MJS77-3- 180. 

b)  The s c i ence  p l a t fo rm  sha l l  b e  pointed within the  a c c u r a c i e s  
speci f ied  in  MJS77-3-170. 

c )  F o r  80% of the  p l a t fo rm  s lews ,  the  t i m e  f r o m  the  end of the  
s l e w  and t he  L vec to r  excurs ions  dur ing a given t i m e  per iod  
r e l a t i ve  t o  c e l e s t i a l  space  (AO/AT) sha l l  b e  a s  follows: 

* 3. 3 .6 .4  Science Maneuver  T u r n  Rate. Tu rns  sha l l  b e  pe r fo rmed  about the  
MM ro l l  and yaw o r  r o l l  and pitch a x e s  sequential ly in clockwise 
o r  counterc lockwise  d i rec t ions .  The t u r n  r a t e  sha l l  be 3. 1 4  *0. 3 
m r a d  / s .  

Slew Ra t e  

1.745 m r / s  

17.45 m r / s  

* 3. 3.6. 5 High-Gain Antenna Pointing. After  launch plus -80 days ,  the  high- 
gain  antenna sha l l  b e  pointed a t  e a r t h  dur ing c r u i s e  and encounter  
t o  the  a c c u r a c i e s  speci f ied  in MJS77-3-170. 

3. 3 .  6.  5. 1 P l ane t  L i m b  Trac ing .  During e a r t h  occultat ion,  the MM sha l l  
p e r f o r m  a s e r i e s  of p r ep rog rammed  pitch and yaw tu rns .  These  
t u r n s  shal l  keep the high ga in  antenna pointed a t  the appa ren t  
c l o se s t  l imb  of the planet  to provide  the highest  probabil i ty of 
obtaining a n  R F  s ignal  path between e a r t h  and the spacecra f t ,  

T i m e  f r o m  end 
of s l ew  

30 s 
300 s 

170 s 

3 . 3 . 7  Data  Handling 

A e / A T  

20 m r / l  s 
150 m r / l O  s (100 m r / l O  s )  

20 m r / l  s 

3. 3. 7.1 Genera l .  Data  handling r equ i r emen t s  a r e  specified in MJS77-3-270, 
Te l eme t ry  and Command Handling. 



* 3. 3. 7. 2 T r a n s i t i o n  D e n s i t y  i n  Ou tpu t  Symbols .  T h e  t r a n s i t i o n  d e n s i t y  of 
o n e s  a n d  z e r o s  i n  t he  s p a c e c r a f t  s y m b o l  s t r e a m  s h a l l  b e  6 - 2 / 3  
p e r c e n t  o r  g r e a t e r .  

3.  3 . 8  T e m p e r a t u r e  C o n t r o l  

3. 3. 8 .  1  B o o s t  t o  In jec t ion .  H e a t  t r a n s f e r  t h rough  the n o s e  f a i r i n g  wi l l  b e  
9.- con t ro l l ed  i n  a c c o r d a n c e  wi th  the  r e q u i r e m e n t s  spec i f ied  i n  

PD618-  59. A f t e r  n o s e  f a i r i n g  e jec t ion ,  t h e  s p a c e c r a f t  wi l l  e x p e r i -  
e n c e  hea t ing  a s  a r e s u l t  of s o l a r  r a d i a t i o n ,  E a r t h  r a d i a t i o n ,  and  
a e r o d y n a m i c  hea t ing .  The  h e a t  c a p a c i t a n c e  and  t h e r m a l  d e s i g n  of 
t he  s p a c e c r a f t  s h a l l  l i m i t  the  t e m p e r a t u r e  r i s e  r e s u l t i n g  f r o m  t h i s  
hea t ing  t o  t he  l i m i t s  spec i f ied  in  MJS77-3-210,  D e s i g n  C r i t e r i a  f o r  
S p a c e c r a f t  T e m p e r a t u r e  Con t ro l .  

3. 3. 8. 2 P o s t  In jec t ion .  F r o m  in j ec t ion  t o  e n d - o f - m i s s i o n  the  t e m p e r a t u r e  
of a l l  M M  e l e m e n t s  s h a l l  b e  m a i n t a i n e d  wi th in  t h e  t e m p e r a t u r e  
r a n g e s  spec i f i ed  in  MJS77-  3-2 10. 

3 .  3 . 9  P o w e r  

$. 3. 3 .9 ,  1  G e n e r a l .  The  i n t e r n a l  s o u r c e s  of s p a c e c r a f t  power  s h a l l  be r a d i o -  
i so tope  t h e r m o e l e c t r i c  g e n e r a t o r s  ( R T G )  and  b a t t e r i e s .  F o r  ground 
t e s t ,  p r o v i s i o n  s h a l l  be m a d e  t o  a c c e p t  power  f r o m  a n  e x t e r n a l  
s o u r c e  t h a t  c a n  s i m u l a t e  the R T G s .  The  b a t t e r i e s  w i l l  p r o v i d e  power  - 
d u r i n g  in j ec t ion  and  s h a l l  be je t t i soned  with the P M .  

3. 3. 9 .  2 Al loca t ions .  S u b s y s t e m  power  d e m a n d s  s h a l l  be l i m i t e d  to  the 
a l l o c a t i o n s  conta ined  in MJS77- 3-2 50, P o w e r  P r o f i l e  and Al loca t ion  

3. 3.  10  M a s s  P r o p e r t i e s  

3.  3 . 1 0 . 1  S p a c e c r a f t  and  A d a p t e r  M a s s .  T h e  J P L  suppl ied  f l igh t  e q u i p m e n t ,  
i. e . ;  the  s p a c e c r a f t  and  a d a p t e r ,  s h a l l  be compa t ib l e  wi th  the launch  
veh ic l e  capabi l i ty  and m i s s i o n  r e q u i r e m e n t s .  PD618-  51 s p e c i f i e s  
the m a x i m u m  m a s s  of the  s p a c e c r a f t  and i t s  a d a p t e r .  

3 .  3. 1 0 .  2  I n e r t i a l  P r o p e r t i e s .  T h e  m a s s ,  c e n t e r  of m a s s ,  and c e n t r o i d a l  
m o m e n t s  and  p r o d u c t s  of i n e r t i a  f o r  t h e  s p a c e c r a f t  and  a d a p t e r  sha l l  
be d e t e r m i n e d  and con t ro l l ed  a s  spec i f i ed  in  MJS77- 3-200,  
D e t e r m i n a t i o n  of I n e r t i a l  P r o p e r t i e s .  

3 .  3.  10 .  3 S u b s v s t e m s .  S p a c e c r a f t  s u b s y s t e m  f l igh t  e q u i p m e n t  s h a l l  m e e t  the 
r e q u i r e m e n t s  of MJS77-3 -230 ,  E q u i p m e n t  L i s t  and  M a s s  Al loca t ion  

+:+ 3. 3 . 1 1  P a c k a g i n g  

E l e c t r o n i c  packaging  s h a l l  c o n f o r m  t o  the  p r o v i s i o n s  of MJS77-3 -220 ,  
E l e c t r o n i c  E q u i p m e n t  Des ign .  



Fl ight  Sof tware  

The s p a c e c r a f t  sha l l  be capable  of pe r fo rming  c e r t a i n  funct ions  in 
the Compute r  Command ,  Att i tude and Art icula t ion Control ,  and 
F l igh t  Data  S u b s y s t e m s  under  on- board p r o g r a m  control .  T h e s e  
functions sha l l  be p r o g r a m m a b l e  t o  the ex ten t  specif ied in  
MJS77- 3- 31 0 ,  Sof tware  R e q u i r e m e n t s .  

Sys tem Opera t ions  

Ground Handline and F l i e h t  P r e ~ a r a t i o n  

RTG Loading.  The  RTG output  s h a l l  b e  s h o r t e d  excep t  a s  n e c e s s a r y  
d u r i n g  ins ta l la t ion  onto the  MM. T h e  t r a n s f e r  of t h e  RTG out-  
put be tween loading connector  s s h a l l  b e  comple ted  i n  l e s s  than  one 
h o u r  t o  p r e v e n t  RTG o v e r  heat ing.  

P M  Orientat ion.  The  s e r v i c e d  propuls ion s u b s y s t e m  ( P R O P )  sha l l  
b e  main ta ined  with t h e  p rope l l an t  t ank  axis ver t i ca l ,  out le t  down. 
Under  no c i r c u m s t a n c e s  s h a l l  the  tank out le t  of the  s e r v i c e d  s u b s y s -  
t e m  b e  ro ta ted  m o r e  than  100 deg.  

T e l e m e t r y  Cal ibra t ion.  All P R O P  p r e s s u r e  t r a n s d u c e r s  s h a l l  b e  
c a l i b r a t e d  through the  f l ight  d a t a  s u b s y s t e m  (FDS) p r i o r  to launch.  

P r e l a u n c h  

Genera l .  F i n a l  a s s e m b l y  , checkout and o the r  a c t i v i t i e s  wil l  be 
p e r f o r m e d  a t  Kennedy Space  Cen te r  and the A i r  F o r c e  E a s t e r n  T e s t  
Range ( A F E T R ) .  

R e q u i r e m e n t s  

a )  The P R O P  sha l l  be loaded with hydraz ine  and p r e s s u r i z e d  in  
the Explos ive  Safe F a c i l i t y  ( E S F )  p r i o r  t o  being a t tached t o  
the  s p a c e c r a f t  s t r u c t u r e .  

b) The P R O P ,  including the solid r o c k e t  m o t o r ,  sha l l  be a t tached 
to  the s p a c e c r a f t  s t r u c t u r e  in  the S p a c e c r a f t  A s s e m b l y  and 
Encapsula t ion Fac i l i ty  (SAEF) .  

c)  Ins ta l la t ion  of pyrotechnic  d e v i c e s  containing l ive  ordnance 
( squibs)  and ins ta l la t ion  of squ ibs  i n  pyro techn ic  d e v i c e s  
a t tached to  the s p a c e c r a f t  shal l  be accompl i shed  in  both the  
E S F  and SAEF.  

d)  The fueled R T G s  sha l l  be a t tached to  the  s p a c e c r a f t  s t r u c t u r e  
i n  the  SAEF.  



e )  T h e  s p a c e c r a f t  s h a l l  be e n c a p s u l a t e d  i n  t he  n o s e  f a i r i ng  a t  the  
SAEB.  

f )  No o p e r a t i o n s  r e q u i r i n g  p h y s i c a l  a c c e s s  t o  t he  s p a c e c r a f t  s h a l l  
be planned a f t e r  s p a c e c r a f t  encapsu la t ion .  

g )  P r o v i s i o n  s h a l l  be m a d e  f o r  S- band upl ink  and downlink while  
t he  s p a c e c r a f t  i s  on the  l a u n c h  pad.  

** 3 .  4. 2. 3  U m b i l i c a l  L ink .  T h e  u m b i l i c a l  l ink  s h a l l  p r o v i d e  t h e  following: 

a )  Moni tor ing  of s p a c e c r a f t  p e r f o r m a n c e  v ia  the c o m p o s i t e  
t e l e m e t r y  s igna l .  

b) Capabi l i ty  t o  p r e p a r e  the  s p a c e c r a f t  f o r  l aunch  only w h e r e  r a d i o  
c o m m a n d s  canno t  d o  so .  T h i s  i n c l u d e s  the  capab i l i t y  t o  a r m  
the  sol id  r o c k e t  m o t o r  and  t o  load the  F D S  M e m o r y .  

c )  D i r e c t  m o n i t o r i n g  of s u b s y s t e m  func t ions  r e l a t e d  t o  safe ty  
w h e r e  c o m p o s i t e  t e l e m e t r y  wi l l  not  su f f i ce .  T h i s  i nc ludes  the  
capab i l i t y  t o  m o n i t o r  t h e  S a f e / A r m  s t a t u s  of t h e  P y r o t e c h n i c  
Switching Unit (PSU)  a n d  so l id  r o c k e t  m o t o r .  

d )  Capabi l i ty  t o  r e s e t  a r m i n g  func t ions  r e l a t e d  t o  p r o p u l s i o n  and 
p y r o t e c h n i c s .  

D e t a i l  u m b i l i c a l  i n t e r f a c e s  a r e  spec i f ied  in MJS77-3-110.  

3.  4. 2. 4  Indef in i te  Hold Capabi l i ty .  T h e r e  s h a l l  be capab i l i t y  d u r i n g  the 
coutdown of a n  inde f in i t e  hold,  w i thou t  the  n e c e s s i t y  of r e c y c l i n g .  
In the  e v e n t  of a  s c r u b  wh ich  d o e s  not r e q u i r e  a c c e s s  t o  t he  s p a c e -  
c r a f t ,  the  s p a c e c r a f t  s h a l l  be c a p a b l e  of being r e - s c h e d u l e d  f o r  a 
l aunch  on the  following day .  

6; 3. 4 .  2 .  5 Encapsu la t ion .  The  s p a c e c r a f t  s h a l l  have  the  capabi l i ty  of being 
e n c a p s u l a t e d  f o r  up t o  a m a x i m u m  of 30 d a y s .  

c 3 . 4 . 3  F l i g h t  Sequence  

Al l  s p a c e c r a f t  s u b s y s t e m s  s h a l l  be c o m p a t i b l e  w i t h  the f l igh t  
s e q u e n c e  d e s c r i b e d  i n  MJS77- 3 -  120  and  the  r e q u i r e m e n t s  
l i s t ed  i n  the fol lowing p a r a g r a p h s .  

3 .4 .  3 . 1  Launch  

3. 4 .  3 .  1 .  1 R o l l  R a t e .  D u r i n g  l aunch ,  the  L V  m a y  g e n e r a t e  a c c e l e r a t i o n s  about  
the  s p a c e c r a f t  r o l l  a x i s .  T h e  m a x i m u m  occurs -  a t  so l id  r o c k e t  m o t o r  
s e p a r a t i o n  when  the  a c c e l e r a t i o n  m a y  b e  60"  / sL  unt i l  a  m a x i n l u m  r a t e  
of 15"  / s  is r e a c h e d .  

-* 



*3. 4. 3. 1. 2 Separation Rates .  At spacecraf t /LV separation the relative 
separation rate  shal l  be 0 .  5 m / s .  The post separation S / C  rate 
shall  be l e s s  than 26  m r / s .  The Centaur residual rate pr ior  to 
separation will be l e s s  than 3 .  5 m r l s .  

At PM jettison, the realt ive separation ra te  between the PM and MM 
shal l  be 0.66 m l s .  The MM post jettison ra tes  shal l  be l e s s  than 
22 m r / s  about the pitch axis and l e s s  than 4 5  m r / s  about the yaw 
axis. The spacecraf t  residual r a t e  p r io r  to PM jettison shall  be l e s s  
than 1 m r / s  about the pitch axis and l e s s  than 4 m r / s  about the yaw 
axis. 

#s 3 . 4 .  3. 1. 3  Operation During Vibration and Shock. During periods of vibration 
a t  launch and pyrotechnic shock, the DSS will be operated continu- 
ously a t  the 7.2 kbps tape speed. 

C 3 . 4 .  3. 1.4 High Rate Telemetry.  Engineering te lemetry will be transmitted in 
real- t ime in the high ra te  engineering mode f rom pr ior  to launch 
vehicle / spacecraf t  separation until sun acquisition. 

C 3 . 4 .  3. 1. 5 Pyrotechnic Safe/Arm. Pyrotechnic devices shall be safed by 
inhibiting the application of power to the firing circui ts .  Arming 
(application of power to the firing circui ts)  shall be accomplished 
af te r  launch. 

3. 4. 3.  1. 6 Initiation of the Propulsion Module Sequence. After MEC02, the 
LV will provide a 28-Vdc signal to  the pyrotechnic subsystem (PYRO). 
Upon receipt  of the 28-Vdc signal, PYRO shall  a r m  the firing c i r -  
cuits and supply a switch closure to  CCS for  initiation of the PM 
sequence of events. The CCS shall  not respond to a PYRO switch 
closure p r io r  to launch plus T s, where T i s  a function of the launch 
t rajectory.  

rle 3. 4. 3. 1. 7 Orientation. To ensure  compliance with constraints  to keep the sun 
f r o m  entering the field-of-view (FOV) of the science instruments,  the 
orientation of the spacecraf t  shall  b e  controlled f r o m  spacecraf t /LV 
separat ion to  sun acquisition. 

#$ 
3 . 4 .  3. 1.8 Disturbance Torque During Injection. The placement, orientation, 

and alignment of a l l  spacecraf t  elements that contribute to the 
generation of disturbance torques about the three  spacecraf t  axes 
shal l  be controlled such that the maximum disturbance about the 
pitch o r  yaw axes shal l  be l e s s  than 5 3 3  n-m ( 3 9 3  ft-lb) (RSS) and 
about the rol l  axis shal l  be l e s s  than 22. 5 n-m (16.6 ft-lb)(RSS). 

4 3 . 4 .  3. 2 Cruise  

* 3.  4. 3. 2. 1 Thrus ter  Operation. No mission sequence will requi re  the s imul-  
taneous actuation of both active and redundant th rus t e r s  (i. e. , 
t h rus t e r s  providing the s a m e  control polarity about a given axis).  

* 3 . 4 .  3. 2. 2 Near Ear th  Antenna Pointing. In o r d e r  to maximize the capability 
of the down link communications, p r io r  to the t ime when the ear th  
probe sun angle becomes l e s s  than the FOV of the c ru ise  sun sensors ,  



t h e  c r u i s e  s u n  s e n s o r  s h a l l  b e  b i a s e d  to  poin t  t h e  M M  r o l l  a x i s  as 
n e a r  t h e  e a r t h  a s  p o s s i b l e  wi th in  t h e  s e n s o r  f i e ld  of v iew c o n s t r a i n t s  
and  M M  t h e r m a l  c o n s t r a i n t s .  

1 3. 4. 3. 2. 3  D i s t u r b a n c e  T o r q u e .  Dur ing  c r u i s e  t h e  M M  s h a l l  b e  d e s i g n e d  to 
a c c o m m o d a t e  s o l a r  and  RTG g e n e r a t e d  t o r q u e s  wi th  m a g n i t u d e s  
51. 36 x 10-5  n - m  (10 -5  f t - l b )  abou t  t h e  p i tch ,  yaw, o r  r o l l  ax is .  

*3 .4 .3 .3  T r a j e c t o r y  C o r r e c t i o n  M a n e u v e r s  

3.4.  3.  3. 1  T u r n  D u r a t i o n  and  Di rec t ion .  T e m p e r a t u r e  c o n t r o l  of  t h e  M M  
i m p o s e s  a  c o n s t r a i n t  o n  t h e  t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r  d u r a -  
t ion when the  M M  i s  within 2 A U  of t he  s u n .  T h e  de t a i l ed  con-  
s t r a i n t s  a r e  s p e c i f i e d  i n  MJS77-3-210.  

3.4. 3. 3. 2  T h r u s t  Dura t ion .  T h e  d u r a t i o n  of t h e  t h r u s t i n g  p e r i o d  s h a l l  b e  a  
t i m e  func t ion  c o n t r o l l e d  b y  the  CCS. F r o m  1 to  2 AU t h e  fol lowing 
equat ion  wil l  b e  u s e d  t o  d e t e r m i n e  t h e  m a x i m u m  d u r a t i o n  of a TCM 
b u r n ,  1. 0  h o u r  x ( A U ) ~ .  A f t e r  2 AU t h e  m a x i m u m  T C M  veloc i ty  
i n c r e m e n t  t h e  MM i s  c a p a b l e  of p e r f o r m i n g  i s  70 m / s ,  which  c o r r e -  
s p o n d s  to  a  m a x i m u m  b u r n  d u r a t i o n  of 8 - 1  / 2  h o u r s .  

3% 3. 4. 3. 3. 3  T e l e m e t r y .  E n g i n e e r i n g  t e l e m e t r y  d u r i n g  T r a j e c t o r y  C o r r e c t i o n  
t- M a n e u v e r s  wil l  b e  r e c o r d e d  in  t h e  h igh  r a t e  e n g i n e e r i n g  m o d e  f o r  

l a t e r  p layback .  

3. 5  O p e r a b i l i t y  * 3.  5. 1  Re l i ab i l i t y  

Al l  e l e m e n t s  of t h e  MJS77 S p a c e c r a f t  S y s t e m  s h a l l  m e e t  t he  r e l i a -  
b i l i t y  c r i t e r i a  de f ined  i n  MJS77-2-  100. 

* 3 .  5 . 1 . 1  Redundancy .  W h e r e  i m p l e m e n t a t i o n  of t he  r edundancy  r e q u i r e m e n t s  
spec i f ied  in  MJS77-2-100 u s e s  block r edundancy ,  r edundan t  e l e m e n t s  
a t  t he  p rov i s ioned  s p a r e  l e v e l  a r e  spec i f i ed  in  MJS77-3-230.  Where  
s tandby r edundancy  i s  u s e d ,  a n  add i t i ona l  r e q u i r e m e n t  s h a l l  be t h a t  
no  s ing le  poin t  f a i l u r e  i n  the swi tch ing  s h a l l  p r e v e n t  t r a n s f e r  t o  the 
s tand  by unit. 

Re l i ab i l i t y  m a y  be enhanced  by d e c r e a s i n g  the s i z e  of the r edundan t  
b locks ;  t h e r e f o r e ,  r e d u n d a n t  b lock  s i z e  s h a l l  be d e t e r m i n e d  on the  
b a s i s  of t r a d e  s t u d i e s  wh ich  c o n s i d e r  i m p r o v e d  r e l i a b i l i t y  v e r s u s  
swi tch ing  r e l i a b i l i t y ,  i n c r e a s e d  c r o s s - s t r a p p i n g  complex i ty ,  add i -  
t iona l  power  d i s s i p a t i o n ,  i n c r e a s e d  s p a c e c r a f t  m a s s ,  and  expenda-  
t u r e  of p r o j e c t  r e s o u r c e s .  

c 3 . 5 . 1 . 2  F a u l t  Sens ing  and  C o r r e c t i o n  Rou t ines .  T h e  capab i l i t y  of on- boa rd  
f a u l t  s e n s i n g  and  c o r r e c t i o n  r o u t i n e s  s h a l l  be  l i m i t e d  t o  t h e  m i n i m u m  
r e q u i r e d  t o  a s s u r e  r e c o v e r y  f r o m  a f a i l u r e  wi th  m a x i m u m  u s e  of 
g round  s t a t i o n  capab i l i t y .  A s  a  m i n i m u m ,  on- boa rd  f au l t  s ens ing  
and  swi tch ing  s h a l l  be  p rov ided  to  e n s u r e  a  s t a b l e  MM s t a t e  ( t h e  
MM i s  capab le  of r e m a i n i n g  i n  t h i s  s t a t e  un t i l  r e c e p t i o n  of ground 
c o m m a n d s )  f r o m  which  n o m i n a l  p e r f o r m a n c e  c a n  be r e s t o r e d  v ia  
i n t e r a c t i o n  wi th  the  g round  s t a t i ons .  F o r  e x a m p l e ,  t he  capab i l i t y  
of the M M  to  r e spond  t o  g round  c o m m a n d s  would be p r e s e r v e d  



with the h ighes t  p r i o r i t y ;  the  second p r i o r i t y  m a y  be to p r e v e n t  l o s s  
of consumables ;  while the p r e s e r v a t i o n  of t e m p e r a t u r e  con t ro l  to 
the  extent  tha t  t e m p e r a t u r e s  m a y  exceed d e s i g n  l i m i t s  but not s u r -  
v ival  l i m i t s ,  m a y  a l s o  c o m p e t e  f o r  second p r i o r i t y .  Retent ion of 
the  capabil i ty to  t r a n s m i t  engineer ing d a t a  without ground i n t e r -  
ac t ion  sha l l  be a goal .  

3. 5 . 1 . 3  Exempt ions .  In s o m e  c a s e s  w h e r e  adequate  d e s i g n  m a r g i n  and 
d e r a t i n g  have been employed,  speci f ic  exempt ions  to the  s ingle  
f a i l u r e  c r i t e r i a  m a y  be g ran ted .  Exempt ions  f o r  the  s u b s y s t e m  
a r e  l i s t ed  i n  Sect ion 4. 0 ,  S u b s y s t e m  R e q u i r e m e n t s .  

$s 3 .  5. 1. 3 .  1 Cabling.  Cabling s h a l l  be cons ide red  f r e e  of f a i l u r e  resu l t ing  in  
s h o r t s .  

* 3. 5 . 1 . 4  S p a c e c r a f t l L a u n c h  Complex  In te r face .  Techn iques  sha l l  be 
employed in  the  d e s i g n  of the  s p a c e c r a f t / l a u n c h  complex  i n t e r f a c e  
to  m e e t  the  r e q u i r e m e n t  tha t  no s ingle  f a i l u r e  s h a l l  r e q u i r e  the 
r e m o v a l  of the  s p a c e c r a f t  f r o m  the launch vehic le  in  o r d e r  to  con- 
d i t ion  the s p a c e c r a f t  to  the launch m o d e  o r  to  a s c e r t a i n  tha t  it is in 
the  launch mode .  

3. 5.2 Maintenance  and R e p a i r  

3. 5 . 2 . 1  R e s t r i c t i o n s .  Maintenance  of the  s p a c e c r a f t  dur ing s y s t e m  l e v e l  
t e s t ing  sha l l  be r e s t r i c t e d  to  the r e m o v a l  and r e p l a c e m e n t  of equip- 
m e n t  a t  the provis ioned s p a r e s  level .  

3 .  5 . 2 . 2  S y s t e m  T r i m m i n g .  S y s t e m  l e v e l  e l e c t r i c a l  t r i m m i n g ,  m e c h a n i c a l  
a d j u s t m e n t  o r  a l ignment  s h a l l  be such  tha t  these  p a r a m e t e r s  a r e  
exact ly  and uniquely es tab l i shed  i n  the even t  of s u b s y s t e m  d i s a s s -  
embly  and a s s e m b l y  of the s p a c e c r a f t .  

3. 5 . 2 . 3  Subsy s t e m  T r i m m i n g .  S u b s y s t e m  o r  l o w e r  l e v e l  e l e c t r i c a l  p a r a m -  
e t e r  t r i m m i n g ,  m e c h a n i c a l  ad jus tment ,  o r  a l ignment  s h a l l  be 
p e r f o r m e d  p r i o r  to subsys tem-f l igh t  accep tance  ( F A )  tes t ing  and 
sha l l  not be subsequent ly  changed. 

3. 5. 2. 4 H a r d w a r e  Modificat ions.  Modificat ion to  f l ight  h a r d w a r e  a f t e r  i t s  
sh ipment  t o  A F E T R  sha l l  be l imi ted  to those  r e q u i r e d  to c o r r e c t  
de f i c ienc ies  o r  f a i l u r e s  d i sc losed  a f t e r  sh ipment .  

* 3. 5 . 2 .  5 A F E T R .  R e p a i r s  t o  be effected a t  A F E T R  sha l l  be l imi ted  to those  
f a i l u r e s  which a r e  d i s c o v e r e d  a t  A F E T R .  Fa i l ed  a s s e m b l i e s  sha l l  
be r e p a i r e d  i n  des ignated main tenance  c e n t e r s .  Should r e p a i r  be 
accompl i shed  by r e p l a c e m e n t  of a s s e m b l i e s ,  t h e s e  a s s e m b l i e s  s h a l l  
have  had a n  accep tab le  qual i f ica t ion t e s t  h i s to ry .  T h e  t e s t  h i s t o r y  
s h a l l  include qual i f ica t ion in  a ful ly a s s e m b l e d  s p a c e c r a f t  a s  
p r a c t i c a l  f o r  the  a s s e m b l y  type involved. 

3. 5 . 2 . 6  Fl ight .  The MM sha l l  be capab le  of mainta in ing a c r u i s e  phase  
opera t iona l  s t a t e  and a t t i tude  f o r  a t  l e a s t  24 h o u r s  without ground 
in tervent ion,  excep t  dur ing the s u p e r i o r  conjunction per iod s ,  when 
the  r e q u i r e m e n t  s h a l l  be f o r  10 d a y s  without ground in tervent ion.  



Lifet ime 

The MM equipment sha l l  have operat ing and /o r  s t o r age  life, a s  
applicable fo r  a post  launch flight durat ion a s  specified in MJS77-2- 
100, pa r ag raph  6.2, and a s  modified by paragraph  3. 12. The equip- 
men t  jettisoned with the  P M  a r e  exempt  f r o m  the  4 y e a r  flight 
requirement .  Total  l i f e - t ime  of a l l  spacec ra f t  equipment sha l l  
accommodate  a pre launch s y s t e m  t e s t  p r o g r a m  of one y e a r  in  
addition to the flight requ i rements .  

3. 5 . 4  Environments  

The spacecra f t  shall  be compatible with the requ i rements  of 
MJS77- 3-240, Environmental  Design Requi rements .  

* 3 .  5. 5 Safety 

All spacecra f t  subsys tems  and support  equipment shal l  incorporate  
protection fo r  personnel  and del icate  hardware  consis tent  with the 
p rocedu re s  in PD618- 54, Safety P lan .  In o rde r  to p ro tec t  delicate 
f l ight  equipment,  the handling and operational  cons t ra in t s  of space-  
c r a f t  subsys tems ,  a s  specified in Section 8 ,  Safety Considerations 
of each  level  4 functional requirement,  shall  be s t r i c t ly  observed.  
The spacecra f t  design shall  m e e t  the intent  of AFETRM 127-1, 
R ange Safety Manual. 

# 3 .  5. 5.1 Solid Motor Sa fe /Arm.  The s a f e / a r m  mechanical  pin shall  r emain  
instal led a t  a l l  t imes  f r o m  instal lat ion of igniter  squibs until space-  
c r a f t  encapsulation.  The rea f t e r ,  the s a f e / a r m  s ta tus  indicator 
shal l  be continuously moni tored until liftoff. E lec t r i ca l  actuation 
of the  s a f e / a r m  device shal l  occur  just p r i o r  to liftoff. 

3.6 Design and Construction 

3.  6. 1 Gener  a1 

3 .  6 .  1. 1 Interchangeabil i ty and Replacement .  Fl ight  spacecra f t  and adap te rs  
sha l l  b e  in terchangeable  with one another with r e spec t  to mechanical ,  
e l ec t r i c a l  and functional  cha rac t e r i s t i c s .  

3 .6 .  1. 1. 1 Mechanical. Mechanical  in terchangeabi l i ty  sha l l  ex i s t  between the 
consti tuents o r  s e t s  of like equipment a t  the  a s sembl i e s ,  subas sem-  
bl ies ,  and replaceable  p a r t s  level. 

3. 6. 1. 1 .2  E lec t r i ca l .  E l ec t r i c a l  interchangeabil i ty sha l l  ex i s t  a t  the  replace  - 
able  s p a r e  l eve l  between a l l  s e t s  of l ike  equipment. 

3. 6. 1. 2 Elect romagnet ic  Compatibil i ty (EMC) 

3. 6 .  1. 2. 1 Exte rna l  Elect romagnet ic  In te r fe rence  (EMI). The  design of the  - 
spacecra f t  sha l l  be  such  that  i t  i s  insensi t ive  to  the  ex te rna l  e lec t ro -  
magnet ic  environments  specified in  MJS77 - 3-240. 



3. 6. 1.2.2 Internal EMI. The conducted and radiated electromagnetic in te r -  
ference generated by any of the spacecraf t  subsystems shall  be 
suppressed such that it does not exceed the levels specified in 
M J S ~ ~ - 3  -240. To satisfy the Magnetic Field res t ra in ts  of 
MJS77- 3- 240, consideration shal l  be given to not using ferromagnet ic  
mater ial .  Hard magnets may requi re  the addition of s imi lar  mag- 
nets a r ranged to reduce the total  field. Current  loops which induce 
magnetic fields m a y  require  compensating loops. 

3.6. 1.2. 3 Conducted Transient  Susceptibility. Spacecraft  signal input inter - 
face  circui ts  shal l  be immune to the t ransient  voltages o r  cur rents  
a s  specified in MJS77-3-240. 

3.6. 1. 3 Equipment Identification and Marking 

Assembly and subassembly reference numbers ,  where applicable, 
a r e  established in MJS77-3-230. 

3. 6.2 Electr ical  Design Cr i te r ia  

3.6.2. 1 Elec t r ica l  Interfacing and Grounding. The design of spacecraf t  
sys tem e lec t r ica l  interfacing and grounding shall  meet  the requi re-  
ments  specified in MJS77-3-260, Electr ical  Grounding and Interfacing. 

* 3. 6.2. 1. 1 Redundancy. Input o r  output end-circuits of parallel-connected 
redundant blocks including power supplies shal l  be designed fo r  
minimum probability of failing shorted. 

* 3.6.2.2 High Voltages. The design of e lec t r ica l  c i rcui ts  using voltage in 
excess  of 250 V shal l  meet  the requirements  of MJS77-3-220. - 
Electronic Equipment Design. 

3 .6 .2 .3  Electr ical  Loads. The spacecraf t  e lectr ical  equipment (with the 
exception of that equipment powered directly from the battery) shall 
m e e t  the requirements  listed below: 

a )  All loads shall  be compatible with the power allocations 
specified in MJS77-3-250. 

b) A l l  load s shall operate within specifications throughout the 
type approval temperature range with the following variations 
in voltage a t  the use r  input: 

2 . 4  kHz (Vrms)  D C  (Vdc) 

Transient  Maximum 53. 5 31. 5 

Steady State Maximum 52. 5 30.75 

Design Value 50.0 30. 0 

Steady State Minimum 47. 5 29.25 

Transient  Minimum 46. 5 28. 5 
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D u r a t i o n  of vo l tage  e x c u r s i o n s  ou t s ide  the  s t e a d y  s t a t e  r a n g e  
s h a l l  not  e x c e e d  5 ms. D u r a t i o n  of vo l t age  e x c u r s i o n  ou t -  
s i d e  the  t r a n s i e n t  r a n g e  s h a l l  no t  e x c e e d  1 0  ps .  

Al l  l o a d s  s h a l l  be a b l e  t o  u n d e r g o  input  vo l t ages  r ang ing  f r o m  
z e r o  v o l t s  t o  a  m a x i m u m  which  e x c e e d s  the  n o m i n a l  by 
1 5  p e r c e n t  f o r  a  m a x i m u m  d u r a t i o n  of 2  s ,  wi th  r e s e t  t o  a  
p r e d i c t a b l e  s t a t e  and  s u b s e q u e n t  r e s u m p t i o n  of n o r m a l  
ope r a t ion .  

All  l o a d s  s h a l l  be c o m p a t i b l e  wi th  the  g round ing  and in t e r f ac ing  
r e q u i r e m e n t s  spec i f ied  i n  MJS77-  3- 260. 

Load  c h a n g e s  f o r  l o a d s  powered  by the d c  bus  s h a l l  no t  exceed  
100  W ,  and  load  c h a n g e s  f o r  l oads  powered  by the  2 .  4  kHz 
s h a l l  no t  e x c e e d  50 W.  S t eady  s t a t e  l o a d s  and  load t r a n s i e n t s  
a r e  f u r t h e r  sub jec t ed  to  the c o n s t r a i n t s  of MJS77-3-250 wi th  
the  excep t ion  t h a t  load c h a n g e s  con t ro l l ed  by the  CCS s h a l l  be 
a l lowed a  swi tch ing  t r a n s i e n t  ( e x c u r s i o n  above  s t e a d y  s t a t e )  
wi th  t o t a l  e n e r g y  of l e s s  t han  4 Ws. L o a d  c h a n g e s  s h a l l  n o t  
c a u s e  c u r r e n t  r a t e s  t o  exceed  0. 066 A l p s  f r o m  the 2 . 4  kHz 
b u s  o r  0 . 1 5 0  A / p s  f r o m  the d c  b u s  f o r  m o r e  than  10 ps .  

P o w e r  f a c t o r  ( r a t i o  of a v e r a g e  power  p e r  cyc l e  t o  the  p r o d u c t  
of r m s  vol tage  and  c u r r e n t )  s h a l l  be be tween 0 . 9 5  and unity 
f o r  2 . 4  kHz loads .  P o w e r  f a c t o r  c o r r e c t i o n  c a p a c i t o r s ,  if 
u s e d ,  s h a l l  no t  be p laced  d i r e c t l y  a c r o s s  t he  a c  b u s e s .  

No a c  l o a d s  s h a l l  i n t r o d u c e  m o r e  t h a n  1 .  0 m A  of d i r e c t  
c u r r e n t  i n t o  t h e  output  of the  i n v e r t e r  u n d e r  n o r m a l  o p e r a t i o n  
o r  m o r e  than  10  m A  wi th  a  s ing le  f a i l u r e .  

L o a d s  powered  f r o m  the  d c  s o u r c e  s h a l l  n o t  i n t r o d u c e  a  r i pp le  
c u r r e n t  ( u p  t o  50 kHz) w h o s e  peak - to -peak  m a g n i t u d e  i s  
g r e a t e r  t han  1  p e r c e n t  of t he  a v e r a g e  s t e a d y - s t a t e  c u r r e n t  
when  ope ra t ing  f r o m  a s o u r c e  wi th  a  d y n a m i c  i m p e d a n c e  of 
l e s s  t han  0 . 1  ohm.  

All s u b s y s t e m s  t h a t  u s e  2 . 4  kHz power  s h a l l  o p e r a t e  within 
spec i f i ca t ion  wi th  f r e q u e n c y  v a r i a t i o n  of *0 .002  p e r c e n t  of 
the  n o m i n a l  f r e q u e n c y  th roughou t  the type  a p p r o v a l  t e m p e r a -  
t u r e  r a n g e ,  and s h a l l  func t ion  to  t he  e x t e n t  t h a t  the capabi l i ty  
of t h e  s p a c e c r a f t  t o  r e c e i v e  and  p r o c e s s  g round  c o m m a n d s  i s  
no t  i m p a i r e d  when  the f r e q u e n c y  i s  2400 Hz *6 p e r c e n t .  In 
add i t i on ,  a l l  s u b s y s t e m s  s h a l l  have known ope ra t ing  c h a r a c -  
t e r i s t i c s  o v e r  t he  *6 p e r c e n t  f r e q u e n c y  r a n g e  and  s h a l l  
r e s u m e  in  spec i f i ca t ion  o p e r a t i o n  when  the f r e q u e n c y  r e t u r n s  
t o  2400 * O .  002 p e r c e n t .  

A C  l o a d s  s h a l l  o p e r a t e  wi th in  spec i f i ca t ion  when the  r i s e  r a t e  
of t he  input w a v e f o r m  i s  no t  cons t an t .  A t y p i c a l  w a v e f o r m  i s  
shown in  F i g u r e  1 .  



TIME, psec 

F i g u r e  1. 2 .4  kHz I n v e r t e r  C r o s s o v e r  Waveform (Typ ica l )  
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f 3 . 6 . 2 . 4  Osci l la tor  Synchronization.  All osci l la tor  c i r cu i t s  and a l l  
countdown c i r cu i t s  operating in the range of 10 Hz t o  1 .  3 MHz shall  
be a ha rmonic  of the 2 . 4  kHz power.  

MM subsys t ems  (excep t  fo r  MAG) shal l  avoid the use  of the following 
f requenc ies  (and the i r  second harmonic) :  12 .600  kHz (25.  200 kHz), 
13.400 kHz (26.880 kHz), 15.120 kHz (30 .240  kHz) and 16 .128  kHz 
(32.  256 kHz). 

+ 3 . 6 .  2. 5 Continuity t e s t s .  When the capabil i ty t o  functionally ver i fy  the 
in tegr i ty  of the cabling a f t e r  f inal  mat ing of a sy s t em connector 
d o e s  not ex i s t ,  p rov i s ions  shal l  be m a d e  to  ver i fy  the continuity of 
each  function used in the connector.  

#+3.6 .  3 Mechanical  Design C r i t e r i a  

,, 3. 6.  3 .  1 Genera l .  During a l l  phases  of the a s s emb ly ,  t e s t ,  and flight 
%? prepara t ion  ac t iv i t i e s ,  handling equipment  shal l  be provided (where 

requ i red) to  ensu re  that  the spacecra f t ,  MM, and components of the 
MM that  a r e  separa ted  f r o m  the MM a r e  not subjected to loads  that  
exceed expected flight loads  except  during those t e s t s  specif ical ly 
designed to suppor t  the  environmental  t e s t  p rog ram.  

C 3. 6. 3.  2 Deployable Elements .  When deployable e lements  des igned f o r  
deployment in  a z e r o  "g" f ield a r e  deployed in  a "1-g" f ie ld  f o r  
test ing,  sufficient  a ssembly ,  handling, and shipping equipment 
(AHSE) sha l l  be  provided to  p rec lude  damage  and mainta in  stabil i ty.  

Deployable e l emen t s  include the sc ience  boom, s c i ence  s can  pla t -  
f o r m ,  RTG boom, magne tome te r  boom, and p lane ta ry  rad io  a s t ron -  
o m y  antennas.  

#$ 3. 6. 3. 3 Propuls ion  

3. 6. 3. 3. 1 TCAPU Assembly.  The TCAPU sha l l  all b e  in tegra ted  together  on 
its AHSE. 

*3. 6. 3.  3.  2 IPU Assembly.  The IPU sha l l  a l l  b e  in tegra ted  toge ther  on its 
AHSE. 

r 3 . 6 .  3.  3. 3 Propu ls ion  Assembly.  The  TCAPU and the  IPU a r e  in tegra ted  
with the requ i red  s t r u c t u r e  into a mechanical ly  definable module.  
The spacec r a f t  s t r u c t u r e  wil l  allow the module to  be removed f rom 
or  instal led on the spacec r a f t  in e i the r  the d r y  o r  se rv iced  condition. 

3 .6 .  3. 4 S t ruc tu r a l  Design Cr i t e r i a .  All  e lements  of the  f l ight  h a r d w a r e  
sha l l  m e e t  the  r equ i r emen t s  of MJS77 - 3 - 190,  S t ruc tu r a l  Design 
Cr i t e r i a .  

%. 3. 6. 3. 5 T e m p e r a t u r e  Control  Design Cr i t e r i a .  All e l emen t s  of the  flight 
h a r d w a r e  sha l l  m e e t  the  r equ i r emen t s  of MJS77 -3-2 10. 

*,, 3. 6 .  3 . 6  Configuration. The  configuration sha l l  m e e t  the  r equ i r emen t s  
specif ied in MJS77- 3 -  180. 



Alignments .  F l igh t  h a r d w a r e  s h a l l  be compat ib le  with the  
m e c h a n i c a l  a l ignment  r e q u i r e m e n t s  specif ied in  MJS77- 3- 170.  
S u b s y s t e m s  requ i r ing  bores igh t  a l ignment  sha l l  be al igned a t  the 
s u b s y s t e m  leve l  with r e s p e c t  to m e c h a n i c a l  r e f e r e n c e s .  S y s t e m  
leve l  a s s e m b l y  wi l l  be r e s t r i c t e d  to  a l ignment  ver i f ica t ion with 
r e s p e c t  to  s u b s y s t e m  mounted r e f e r e n c e  m i r r o r s  and the  sc ience  
s c a n  p la t fo rm m i r r o r .  F ie ld-of-view or ien ta t ion  checks  a r e  
p e r m i s s i b l e ,  but a l ignment  t r i m m i n g  sha l l  not be p e r f o r m e d  a t  
the s y s t e m  level .  

T h r u s t  Vector  Alignment.  The solid m o t o r  t h r u s t  vec to r  f inal  
a l ignment  f o r  e a c h  s p a c e c r a f t  s h a l l  be accompl i shed  a f t e r  space-  
c r a f t  a s s e m b l y  and c e n t e r  of m a s s  de te rmina t ion .  

T e s t  I n t e r f a c e s  

The s p a c e c r a f t  and i t s  t e s t  suppor t  equipment  ( S E )  sha l l  be capable  
of providing s y s t e m  and launch t e s t  evaluat ion through the following 
i n t e r f a c e s ,  f u r t h e r  defined in  PD618-206.  

S-Band In te r face  

The abi l i ty  to t r a n s m i t  and r e c e i v e  a t  S-band f o r  the purpose  of 
commanding the s p a c e c r a f t ,  receiving t e l e m e t r y ,  and ranging i s  
r equ i red  of the  SE. 

X- Band In te r face  

The  abi l i ty  to r e c e i v e  X-band fo r  the  p u r p o s e  of receiving t e l e m e t r y  
and ranging i s  r equ i red  of the  SE. 

S t imula to r  / S e n s o r  In te r face  

S t i m u l a t o r s ,  such  a s  incandescen t  l a m p s ,  and s e n s o r s ,  such a s  g a s  
je t  d e t e c t o r s ,  wi l l  be mounted on o r  n e a r  the  s p a c e c r a f t .  

Umbi l i ca l  In te r face  

Monitoring of pyrotechnic  s u b s y s t e m  s t a t u s ,  and s i m i l a r  functions 
f o r  o t h e r  s p a c e c r a f t  s u b s y s t e m s  a r e  accompl i shed  o v e r  the  umbi l i ca l  
l i n e s ,  in  the f ina l  i n t e r v a l  before  commit t ing  to launch.  T h e s e  
functions a r e  a l s o  ava i l ab le  in  the s y s t e m  t e s t  configurat ion.  The 
T - 4  umbi l i ca l  connector  r e m a i n s  connected unti l  4 s  before  liftoff,  
The compos i t e  t e l e m e t r y  s ignal  i s  included in th i s  in te r face .  Those  
functions which a r e  r e q u i r e d  to sa fe  the  s p a c e c r a f t  a f t e r  a n  a b o r t  
sha l l  be in  the T - 0  umbi l i ca l  which r e m a i n s  connected until  liftoff. 

D i r e c t  A c c e s s  In te r face  

Funct ions  not ava i l ab le  o v e r  o t h e r  i n t e r f a c e s ,  which a r e  n e c e s s a r y  
i n  the s y s t e m  t e s t  conf igura t ion sha l l  be c a r r i e d  o v e r  the  d i r e c t  
a c c e s s  in te r face  l ines .  T h e s e  l i n e s  connect  each  s p a c e c r a f t  sub- 
s y s t e m  with i t s  a s s o c i a t e d  SE. 



3.7.  6 T e s t  Configurat ion 

3. 7. 6. 1 S y s t e m  T e s t  Configurat ion.  T h e  s p a c e c r a f t  s h a l l  be  t e s t ab le  a s  a  
s v s t e m  in the  s y s t e m  test configurat ion.  E a c h  functioning s u b s y s -  
t e m  s h a l l  b e  t e s t a b l e  in th i s  coLfiguration when connected-by d i i e c t  
a c c e s s  cab les  t o  t e s t  s i m u l a t o r s ,  t e s t  s e n s o r s  and a s s o c i a t e d  sub-  
s y s t e m  SE. F l igh t  s u b s y s t e m  a s s o c i a t e d  S E  wil l  b e  augmented by 
o the r  SE p e r f o r m i n g  opera t iona l  functions s u c h  a s  t iming and data  
p rocess ing .  S E  des ign  considera t ion  s h a l l  b e  given to  those  physica l  
and functional  c h a r a c t e r i s t i c s  n e c e s s a r y  f o r  fu l l  suppor t  of the  s y s -  
t e m  t e s t  configurat ion.  T h e  t e s t  s o f t w a r e  s h a l l  be  r e p r e s e n t a t i v e  of 
flight so f tware .  It  s h a l l  contain t h e  s a m e  a lgor i thms ,  u t i l i ze  t h e  
s a m e  input and p roduce  the  s a m e  outputs  a s  a r e  r e q u i r e d  f o r  flight.  
T iming  re la t ionsh ips  m a y  v a r y  t o  a c c o m m o d a t e  an  eff icient  t e s t  
schedule .  

3. 7 .6 .  2 Launch T e s t  Configurat ion.  The s p a c e c r a f t  wil l  be conditioned f o r  
launch and i t s  launch r e a d i n e s s  ver i f ied  in the  launch t e s t  configura-  - 
t ion. T h e r e  s h a l l  b e  no  s u b s y s t e m  opera t ion  and ver i f ica t ion  c a r r i e d  
out in th i s  configurat ion excep t  tha t  which i s  r equ i red  to  suppor t  
and opera te  the s p a c e c r a f t  dur ing  the launch phase .  In th i s  
conf igura t ion ,  the only in te r face  i s  via the  umbi l ica l  ( the  d i r e c t  
a c c e s s  i n t e r f a c e  i s  not ava i l ab le ) .  Umbi l ica l  funct ions  a r e  l imi ted  
to  those  i t e m s  r e q u i r e d  to suppor t  the  launch p r e p a r a t i o n s  and 
launch and to  moni to r  a n d / o r  con t ro l  a  few spec ia l  i t e m s  re la t ed  to  
safe ty .  Launch SE in the launch complex t r a i l o r s  and the s y s t e m  
t e s t  SE in Building A0 par t i c ipa te  jointly. 

SUBSYSTEM REQUIREMENTS 

The following p a r a g r a p h s  l i s t  the  funct ions ,  s ingle point f a i l u r e  c r i -  
t e r i a  exempt ions ,  and s y s t e m  l e v e l  r e q u i r e m e n t s  and c o n s t r a i n t s  for  
e a c h  s u b s y s t e m .  No a t t e m p t  h a s  been m a d e  t o  d i f fe ren t i a t e  between 
r e q u i r e m e n t s  and c o n s t r a i n t s .  In keeping with the guidel ines  tha t  a  
r e q u i r e m e n t  o r  c o n s t r a i n t  should be located  i n  one p lace  only,  the  
r e q u i r e m e n t  o r  c o n s t r a i n t  i s  l i s t ed  f o r  the s u b s y s t e m  that  would be 
re spons ib le  f o r  the implementa t ion .  The composi t ion  of e a c h  sub- 
s y s t e m  i s  specif ied i n  MJS77-3-230,  and i s  not r epea ted  h e r e .  

4. 1 S t r u c t u r e  S u b s y s t e m  (STRU) 

4. 1. 1 Funct ion  

T h e  STRU prov ides  

a )  Mechan ica l  s u p p o r t  and a l ignment  f o r  a l l  f l ight  equipment  

b )  Meteoro id  p ro tec t ion  

c )  Radia t ion  p ro tec t ion  



In addition, the s t ruc ture  becomes an integral par t  of the EM1 
control and provides means  for handling the assembled spacecraf t  
for  flight qualification testing, transporting, and mating operations 
with the L V .  

*4. 1. 2 Single Point Fa i lure  Exemption 

The STRU, when designed to the requirement  of MJS77-3-190 i s  
specifically exempted f r o m  the single point fa i lure  c r i t e r i a  of 
MJS77-2-100, paragraph 4.4. 

5 4. 1. 3 Requirements and Constraints 

a )  The s t ruc ture  shall  be compatible with the F O V  requirements  
specified in MJS77- 3- 180. 

b) Location of the science scan platform relative to the space- 
c raf t  center  of m a s s  shall  be a s  specified in MJS77-3-180. 

c )  The science scan platform (including science instruments  
mounted on it) moment of inertia about i ts  center of rotation 
shall  be a s  specified in MJS77-3-200. 

d) The science scan platform shall  be designed such that the axis  
of rotation for  both axes i s  coincident with the platform center  
of m a s s  within *3. 8 c m  ( * l .  5 in. ). 

e) Mounting and alignment provisions fo r  the science subsystems 
shall be a s  defined in MJS77-3-170 and MJS77-3-180. 

f )  The s t ruc ture  shall  provide a high gain antenna ref lector  with 
a d iameter  of 3 . 6 6  m,  a F / D  of 0.0338, and whose surface 
deviations f rom the specified sur face  shall  not exceed 
0.088 cm (0.035 in. ) RMS. 

g)  The STRU shal l  provide an e lec t r ica l  load for  use  by the 
power subsystem to diss ipate  the excess  power generated by 
the RTG. This load shal l  be capable of dissipating a maxi -  
m u m  of 43 1 W. When located pe r  MJS77-3 - 180, the assembly 
shal l  a l so  provide a diffuse reflective surface for optical cali-  
bration of the science scan platform mounted instrument.  The 
charac ter i s t ics  of the surface including dimensions, tempera-  
t u r e  and surface proper t ies  shall  be  a s  specified in ICD 
10073993, Science Calibration Target-Structural  Interface. 

h )  The s t ruc ture  shall  provide a specular  reflective surface 
for  optical calibration of the IRIS interferometer .  The 
mechanical and optical charac ter i s t ics  shall  be a s  specified 
in ICD 10073993, Science Calibration Target-Structural  
Interface. 



-. 

i) T h e  s c i e n c e  s c a n  p l a t f o r m  c h a r a c t e r i s t i c s  s h a l l  be a s  fo l lows:  

1 )  T h e  b e a r i n g  f r i c t i o n a l  t o r q u e  s h a l l  be i n  the  r a n g e  
f r o m  0. 3  t o  0. 5 f t - lb .  

2 The r a t i o  of running t o  s t a t i c  f r i c t i o n  s h a l l  be g r e a t e r  
t han  0. 8. 

3) The  a n g u l a r  s t i f f n e s s  in both a z i m u t h  and e l eva t ion  
s h a l l  be g r e a t e r  t han  2000 f t - l b l r a d .  

4 )  The  a n g u l a r  b a c k l a s h  s h a l l  be a s  spec i f i ed  in  
MJS77-3-170.  

R a d i o  F r e q u e n c y  S u b s y s t e m  ( R F S )  

4 . 2 . 1  F u n c t i o n  

The  R F S  s h a l l  p e r f o r m  the  func t ions  def ined  in  MJS77-3-300.  

S ingle  P o i n t  F a i l u r e  E x e m p t i o n s  

T h e  R F S  m i c r o w a v e  c o m p o n e n t s  a r e  s p e c i f i c a l l y  e x e m p t e d  f r o m  t h e  
s i n g l e  poin t  f a i l u r e  c r i t e r i a  of MJS77-2-100,  p a r a g r a p h  4. 4. 

t4. 2* 
R e q u i r e m e n t s  a n d  C o n s t r a i n t s  

a )  The  R F S  s h a l l  supply  the  c o m p o s i t e  c o m m a n d  s igna l  t o  e a c h  
CDU o v e r  s e p a r a t e  i n t e r f a c e  l i n e s .  The  R F S / C D U  i n t e r f a c e  
s h a l l  be c r o s s - s t r a p p e d  t o  a l l ow e i t h e r  r e c e i v e r  t o  d r i v e  
e i t h e r  CDU. 

b )  T h e  R F S  s h a l l  p r o v i d e  a n  ind ica t ion  of t r a n s m i t t e r  p e r f o r m -  
a n c e  t o  t he  CCS v i a  f o u r  l e v e l  inputs .  O n e  wi l l  i n d i c a t e  a  l o w  
S-band e x c i t e r  p o w e r  condi t ion ,  o n e  wi l l  i n d i c a t e  a low S-band 
TW TA p o w e r  condit ion,  o n e  wil l  i nd i ca t e  a  low-X-band e x c i t e r  
p o w e r  condi t ion ,  a n d  o n e  wi l l  i nd i ca t e  a low X-band TW TA 
p o w e r  condit ion.  

c )  T h e  X-band and S-band TWTA s h a l l  no t  be s imu l t aneous ly  
o p e r a t e d  in  t h e i r  high p o w e r  m o d e s .  A t  l e a s t  one  TWTA 
s h a l l  be  o p e r a t i n g  a t  a n y  t i m e .  

d )  O t h e r  R F S  r e q u i r e m e n t s  and  c o n s t r a i n t s  a r e  spec i f ied  in 
MJS77-3-  300. 

Modula t ion  Demodu la t ion  S u b s y s t e m  (MDS) 

4 . 3 . 1  F u n c t i o n  

T h e  MDS shall p e r f o r m  the  func t ions  def ined  in MJS77-3-  300. 



4 . 3 . 2  Single P o i n t  F a i l u r e  E x e m p t i o n s  

None 

R e q u i r e m e n t s  and C o n s t r a i n t s  

The MDS r e q u i r e m e n t s  and c o n s t r a i n t s  a r e  specif ied in 
MJS77-3-300. 

4 . 4  P o w e r  S u b s y s t e m  (PWR)  

4 . 4 . 1  Func t ion  

The  PWR s h a l l  p rov ide  a  c e n t r a l  supply  of e l e c t r i c a l  power  f o r  the 
s p a c e c r a f t .  I t  a l s o  p rov ides  the  switching and c o n t r o l  function f o r  
the  r e q u i r e d  d i s t r ibu t ion  of power .  

4 . 4 . 2  Single P o i n t  F a i l u r e  Exempt ion  

None 

R e q u i r e m e n t s  and C o n s t r a i n t s  

a )  T h r e e  mul t i -hundred  watt  R T G s  s h a l l  provide  p r i m a r y  power .  
A b a t t e r y  s h a l l  supply  addit ional  power  dur ing  the  in jec t ion  
p h a s e .  A f t e r  in jec t ion ,  c a p a c i t o r s  supply  power  f o r  t r a n s i e n t s  
tha t  exceed  the  R T G  capabi l i ty .  

b)  In the  a b s e n c e  of a  synchroniz ing s igna l ,  t he  PWR 2 . 4  kHz 
i n v e r t e r  s h a l l  f r e e  r u n .  

c )  The  PWR s h a l l  provide  condit ioned power  t o  s a t i s f y  the  
r e q u i r e m e n t s  of MJS77-  3-250,  and p a r a g r a p h  3 .  6 .  2 .  3 h e r e i n  

d )  Decoding of coded c o m m a n d s  f r o m  CCS a s  speci f ied  in 
MJS77-3-290 s h a l l  be provided f o r  swi tching of s p a c e c r a f t  
loads  a s  speci f ied  in MJS77-3-250.  

e )  The PWR sha l l  provide  suff ic ient  sens ing  and load switching t o  
e n s u r e  tha t  the d c  power  bus  voltage d o e s  not  r e m a i n  m o r e  than 
1  p e r c e n t  below the  s t eady  s t a t e  m i n i m u m  voltage f o r  m o r e  than 
0. 5 s ,  o r  the  a c  power  bus d o e s  not  r e m a i n  m o r e  than 2 p e r c e n t  
below the  s t e a d y  s t a t e  m i n i m u m  voltage f o r  m o r e  than 0 .  5 s. 
PWR sha l l  supply two l e v e l  inputs  to  CCS which wi l l  i nd ica te  
tha t  load switching h a s  o c c u r r e d  a n d / o r  i n v e r t e r s  have  switched 

f )  P o w e r  switching s h a l l  be in te r locked  to  prohibi t  appl ica t ion  
of power  to  ISS when power  i s  not appl ied  to  FDS.  

g )  T h e  PWR s h a l l  provide  f o r  s h o r t  c i r cu i t ing  the output  of the 
R T G s  dur ing  a l l  ground opera t ion  p e r i o d s  when no s p a c e c r a f t  
e l e c t r i c a l  loads  a r e  tu rned  on o r  when e x t e r n a l  power  i s  
appl ied .  



4 .  5 C o m p u t e r  C o m m a n d  S u b s y s t e m  (CCS)  

4 .  5 . 1  F u n c t i o n  

T h e  func t ion  of t he  C C S  i s  to :  

a )  D e c o d e  g round  c o m m a n d s  

b )  I s s u e  d i s c r e t e  and  coded  c o n ~ m a n d s  t o  u s e r  s u b s y s t e m s  

c )  I s s u e  a  s e q u e n c e  of D C ' s  and C C ' s  a c c o r d i n g  to  t h e  f l igh t  
s e q u e n c e .  

d )  A l t e r  t h e  s e q u e n c e  of e v e n t s  and  C C S  s t a t e  i n  r e s p o n s e  t o  
g round  c o m m a n d s .  

e )  R e s p o n d  to  i n t e r r u p t s  g e n e r a t e d  by the s p a c e c r a f t  o r  t he  
C C S  a c c o r d i n g  t o  a l g o r i t h m s  s t o r e d  i n  t he  CCS.  

4 .  5 . 2  S ingle  P o i n t  F a i l u r e  E x e m p t i o n s  

None  

R e q u i r e m e n t s  and  C o n s t r a i n t s  

a )  T h e  C C S  p r o c e s s o r s  s h a l l  be  c a p a b l e  of o p e r a t i o n  th rough  
e i t h e r  of t he  ou tput  un i t s  in t h e  fol lowing t h r e e  m o d e s :  

1)  Ind iv idua l  - t he  two p r o c e s s o r s  a r e  work ing  on 
s e p a r a t e  e v e n t s  ( o r  no  e v e n t s )  which  a r e  i s s u e d  
independen t ly .  

2 )  P a r a l l e l  - t h e  two p r o c e s s o r s  a r e  bo th  w o r k i n g  on  t h e  
s a m e  e v e n t  which  i s  i s s u e d  independen t ly .  

3 )  T a n d e m  - t he  two p r o c e s s o r s  a r e  both work ing  on  t h e  
s a m e  e v e n t  which  i s  i s s u e d  on ly  if t hey  both  a g r e e .  

b )  T h e  C C S  m e m o r y  s h a l l  b e  non -vo la t i l e .  

c )  C C S  coded  c o m m a n d s  wi l l  be  in  t he  f o r m  of a  14 -b i t  s e r i a l  
w o r d .  T h e  C C S  wi l l  s u p p l y  a  s e p a r a t e  i n t e r f a c e  l ine  f o r  the  
c o m m a n d  d a t a ,  t h e  s t r o b e ,  and  t h e  e n a b l e  pu l se  t o  e a c h  
coded  c o m m a n d  u s e r .  

cl )  T h e  C C S  s h a l l  p rov ide  p o w e r  m a n a g e r n e n t  s u c h  t h a t  on ly  one  
of the  fo l lowing  loads  i s  c o n s u m i n g  p o w e r  a t  a n y  one  t i m e :  

1 )  Scan  A c t u a t o r  H e a t e r  (on e x c e p t  when one  of t he  o t h e r  
l o a d s  r e q u i r e s  p o w e r .  



2 )  T h e  power  r e q u i r e d  f o r  t h e  DSS turn-on t r a n s i e n t  in 
e x c e s s  of t h e  DSS s t e a d y  s t a t e  power .  

3 )  One s c i e n c e  s c a n  p l a t f o r m  a c t u a t o r .  

e )  T h e  CCS s h a l l  a c c e p t  an input  ( swi tch  c l o s u r e )  f r o m  P Y R O  
to in i t i a t e  the s p a c e c r a f t / L V  s e p a r a t i o n  sequence .  

4 .  6 F l i g h t  D a t a  S u b s y s t e m  (FDS) 

4 .  6 .  1 Func t ion  

T h e  function of the  F D S  i s  to:  

a )  Co l l ec t  s c i e n c e  d a t a  f r o m  the  s c i e n c e  i n s t r u m e n t s .  

b )  Col lec t  eng inee r ing  d a t a  f r o m  a l l  s p a c e c r a f t  s u b s y s t e m s .  

c) F o r m a t s  the  d a t a  under  p r o g r a m  c o n t r o l  and send it e i t h e r  
t o  the  MDS f o r  r e a l - t i m e  t r a n s m i s s i o n  o r  t o  the  DSS f o r  
s t o r a g e ,  o r  both .  

d )  Con t ro l  and sequence  under  p r o g r a m  c o n t r o l  the  s c i e n c e  
i n s t r u m e n t s .  

e )  P r o v i d e  the  b a s i c  s p a c e c r a f t  c l o c k .  

+ 4. 6 . 2  Single  P o i n t  F a i l u r e  Exempt ions  

Although t h e r e  are no  exempt ions  t o  t h e  s i n g l e  point  f a i l u r e  c r i t e r i a  
of MJS77-2-100, the  r e q u i r e m e n t s  of p a r a g r a p h  3. 5.1. 1 of t h i s  
document  a r e  exempted  t o  t h e  ex ten t  t h a t  t h e  FDS s t a t e  v e c t o r  con- 
t r o l  logic  s h a l l  b e  des igned  s u c h  tha t  a  f a i l u r e  wil l  r e s u l t  i n  all 
"A" un i t s  being se lec ted .  

4. 6. 3 R e q u i r e m e n t s  and C o n s t r a i n t s  

a) T h e  F D S  s h a l l  p r o c e s s  analog m e a s u r e m e n t s ,  d ig i t a l  m e a -  
s u r e m e n t s  and inputs  indica t ive  of d i s c r e t e  e v e n t s .  Analog 
d a t a  s h a l l  b e  conver ted  to  d ig i t a l  w o r d s .  D i s c r e t e  e v e n t s  
s h a l l  b e  counted with p rov i s ion  m a d e  to  identify t h e i r  o r i g i n  
and t i m e  of o c c u r r e n c e .  

b )  Al l  non-digi ta l  eng inee r ing  d a t a  s h a l l  b e  d ig i t ized  to  
8-bi t  w o r d s .  

c )  T h e  F D S  s h a l l  provide  the capabi l i ty  f o r  195 analog and 
48  d ig i ta l  m e a s u r e m e n t s .  T h e  input s i g n a l  l eve l s  a r e  
spec i f i ed  in MJS77-3-270.  



d )  T h e  F D S  s h a l l  p r o v i d e  f o r  Golay  coding of non- imaging  d a t a .  
U s e  of coding t o  be opt iona l ,  

e )  T h e  F D S  b a s i c  t i m i n g  s h a l l  have  a n  a c c u r a c y  of 0 .002  p e r c e n t .  

f )  T h e  F D S  s h a l l  p r o v i d e  s y n c  p u l s e s  t o  P W R  a t  a 4. 8-kHz r a t e  
f o r  s y n c h r o n i z a t i o n  of the  2. 4 kHz i n v e r t e r s .  

g)  T h e  F D S  s h a l l  a s s u r e  s y n c h r o n i z a t i o n  be tween 2 . 4  kHz 
i n v e r t e r  power  c y c l e s  and  ISS f r a m e s ,  

h) T h e  F D S  s h a l l  p r o v i d e  the  d a t a  m o d e s  and  r a t e s  spec i f ied  in  
MJS77-3-270.  

i) T h e  F D S  s h a l l  p r o v i d e  t e l e m e t r y  m e a s u r e m e n t s  and  s u b c o m -  
m u t a t i o n  c o n s i s t e n t  w i th  MJS77-3-280,  T e l e m e t r y  M e a s u r e -  
m e n t s  and  D a t a  F o r m a t s .  

j) T h e  F D S  s h a l l  p r o v i d e  c o n t r o l  and  sequenc ing  f o r  s c i e n c e  
s u b s y s t e m s  c o n s i s t e n t  wi th  MJS77-3-270.  

k) T h e  F D S  s h a l l  p r o v i d e  the  p o w e r  r e q u i r e d  by t e m p e r a t u r e  and 
p r e s s u r e  t r a n s d u c e r s  wh ich  i n t e r f a c e  d i r e c t l y  w i th  t h e  FDS.  

1) T h e  F D S  s h a l l  p r o v i d e  a n  a d d r e s s a b l e  d i g i t a l  d a t a  i n t e r f a c e  
wi th  the  AACS. 

m) T h e  F D S  s h a l l  p r o v i d e  the  capab i l i t y  t o  c o n t r o l  the  DSS via  
coded c o m m a n d s .  C o m m a n d s  t o  t h e  DSS s h a l l  be 14 -b i t  
s e r i a l  w o r d s  i d e n t i c a l  i n  f o r m a t  t o  the  coded  c o m m a n d s  
i s s u e d  by the  CCS. 

n)  T h e  F D S  s h a l l  be s t andby  r edundan t  e x c e p t  f o r  t he  s t a t e  
v e c t o r  c o n t r o l  log ic .  

At t i tude  and  A r t i c u l a t i o n  C o n t r o l  S u b s y s t e m  (AACS) 

Func t ion  

T h e  AACS s h a l l  p r o v i d e  s i g n a l s  to  e s t a b l i s h  and  m a i n t a i n  s p a c e -  
c r a f t  o r i e n t a t i o n  and  s t ab i l i t y  d u r i n g  the  in j ec t ion  p h a s e .  T h e  AACS 
s h a l l  c o n t r o l  the  a t t i t ude  of the  M M  d u r i n g  c r u i s e  and e n c o u n t e r  
u s ing  the  s u n  and  a  s t a r  ( u s u a l l y  Canopus )  a s  c e l e s t i a l  r e f e r e n c e  
o b j e c t s  and  us ing  g y r o  r e f e r e n c e s  when  c e l e s t i a l  r e f e r e n c e s  a r e  not 
a v a i l a b l e .  T h e  AACS s h a l l  p r o v i d e  con t ro l l ed  t u r n s  abou t  the M M  
r e f e r e n c e  a x e s  f o r  s c i e n c e  and  t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r s .  
T h e  AACS s h a l l  a l s o  c o n t r o l  t he  a t t i t ude  of t he  MM d u r i n g  the  t r a j -  
e c t o r y  c o r r e c t i o n  t h r u s t i n g  p e r i o d .  In add i t i on ,  the AACS s h a l l  
c o n t r o l  the  point ing of t he  s c i e n c e  s c a n  p l a t f o r m .  



4 4 .  7 . 2  Single P o i n t  F a i l u r e  Exempt ions  

The  following AACS components  a r e  spec i f i ca l ly  exempted f r o m  
the  s ing le  point f a i l u r e  c r i t e r i a  of MJS77-2-100, p a r a g r a p h  4.4. 

a )  I P U  d r i v e r s .  

b )  Scan  a c t u a t o r s .  

c )  S c a n  a c t u a t o r  d r i v e r s .  

d )  Scan  a c t u a t o r  h e a t e r .  

3 6 4 . 7 . 3  
" b 

R e q u i r e m e n t s  and C o n s t r a i n t s  

a )  T h e  AACS s h a l l  i n c o r p o r a t e  p r o g r a m m a b i l i t y  t o  the  ex ten t  
speci f ied  b y  the  so f tware  r e q u i r e m e n t s  of MJS77-3-310.  

b )  The AACS s h a l l  be capab le  of reducing the  r a t e  of the  MM 
dur ing  undis turbed l i m i t  c y c l e  opera t ion  to  the r e q u i r e m e n t s  
speci f ied  in  p a r a g r a p h  3. 3 . 6 .  2.  

c )  T h e  AACS s h a l l  p rov ide  l i m i t  cyc le  o p e r a t i o n s  with deadbands  
p r o g r a m m a b l e  o v e r  the  r ange  f r o m  0 . 8 7  to  175 m r a d  in  
0 .  38 m r a d  s t e p s .  

d )  The AACS s h a l l  provide  a n  output  s igna l  t o  indica te  the 
inadver ten t  l o s s  of s u n  acqu i s i t ion .  

e )  Excep t  f o r  t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r s  when f ive  
t h r u s t e r s  m a y  b e  on s imul taneous ly ,  the AACS s h a l l  supply 
h e a t e r  power  to  the s i x  ac t ive  a t t i tude  propuls ion  t h r u s t e r s  
and s h a l l  provide  power  m a n a g e m e n t  such  tha t  e i t h e r  the  
a t t i tude  propuls ion  t h r u s t e r  h e a t e r s  o r  one a t t i tude  propul-  
s ion  t h r u s t e r  i s  consuming power  a t  a n y  one t i m e .  
(Mechaniza t ions  t o  provide  both h e a t e r  and t h r u s t e r  power  
s imul taneous ly  i s  not a  r e q u i r e m e n t .  ) 

f )  The  AACS c o n t r o l  capabi l i ty  s h a l l  be compat ib le  with s p a c e -  
c r a f t  i n e r t i a l  p r o p e r t i e s  speci f ied  in  MJS77-3-200.  

g )  The  AACS s h a l l  provide  outputs  indica t ive  of the  d e s i r e d  
AACS power  s t a t e s .  Th i s  output  cons i s t ing  of 6 s igna l s  
( l eve l  i n t e r r u p t s )  wil l  be  p r o c e s s e d  by the  CCS t o  command  
the  P W R  to  the  r e q u i r e d  s t a t e .  

h )  In s u p p o r t  of the  f au l t  s e n s i n g  the c o r r e c t i o n  rou t ines  
speci f ied  i n  p a r a g r a p h  3. 5 . 1 .  2,  the AACS s h a l l  p r o v i d e  
the capabi l i ty  to  r e a c q u i r e  the  s u n  f r o m  any  a r b i t r a r y  o r i e n -  
t a t ion .  In addit ion,  the r eacqu i s i t ion  p r o c e s s  s h a l l  be 
cons t ra ined  to  m i n i m i z e  the  probabi l i ty  of p e r m a n e n t  s o l a r  
e n e r g y  induced d a m a g e  to  s c i e n c e  i n s t r u m e n t s .  



i )  The AACS sha l l  provide I P U  and TCAPU valve open 
commands to PROP.  The off t ime between adjacent com- 
mands to any valve shall  be not l e s s  than 20 m s .  Each open 
command to an I P U  valve shall  be 40 m s  o r  g rea t e r  in 
duration.  Each open command to a  TCAPU valve shal l  be 
10 m s  o r  g r e a t e r .  

j )  The AACS sha l l  provide failure sensing to command TCAPU 
isolation valves in the event of t h rus t e r  malfunctions speci-  
fied in MJS77-3-310. 

k) The AACS power-on-reset  shall  provide three axis  stabili- 
zation and on Ea r th  pointing of the HGA. 

4. 8 Pyrotechnic Subsystem (PYRO) 

4. 8. 1  Function 

The PYRO actuates pyrotechnic devices. 

4. 8. 2  Single Point Fa i lu re  Exemptions 

None. 

4. 8. 3  Requirements and Constraints  

a )  The PYRO sha l l  actuate squibs a s  shown in MJS77-3-120. 

b)  The PYRO sha l l  be capable of simultaneously firing a  mini-  - 
mum of 8 squib br idgewires  a s  a  single event. 

c )  The PYRO shal l  provide an input (switch c losure)  to the CCS for  
initiation of the spacecraf t / launch vehicle separat ion sequence. 

d )  The P Y  RO sha l l  per form voltage to frequency conversion 
for  eight propulsion p r e s s u r e  measurements .  

e )  The PYRO shal l  be redundant except for the instrumentation 
power supply, PROP signal conditioning, and IS0 valve 
position switches. 

Cabling Subsystem (CABL) 

4 . 9 . 1  Function 

The CABL shal l  provide the necessary  e lec t r ica l  inter-connections 
between a l l  spacecraf t  subsys tems ,  between equipment e lectr ical ly  
connected through the system cabling ha rnes s ,  between subsystem 
electronic  assembl ies ,  and interfacing cabling f rom the spacecraf t  
to the LV. 

Single Point Fa i lu re  Exemption. 

Redundant wiring sha l l  not be employed except a s  required to meet  
special  reliabil i ty requirements  and only af ter  approval of the 
Spacecraft  System Engineer .  



R e a u i r e m e n t s  and C o n s t r a i n t s  

a )  Cabling s h a l l  b e  compa t ib le  with the  funct ional  r e q u i r e m e n t s  
of a l l  the  connected  equ ipment .  

b )  A c c e s s  s h a l l  b e  provided tha t  is adequa te  f o r  n e c e s s a r y  
ins ta l l a t ion ,  t e s t i n g ,  d i s a s s e m b l y ,  and a s s e m b l y  . 

c )  W i r e  types  s h a l l  b e  a s  few a s  p r a c t i c a l .  

d )  Shielding s h a l l  b e  used as spec i f i ed  i n  MJS77-3-260.  

e )  Cabling connect ing  with a r t i c u l a t i n g  components  s h a l l  b e  a s  
f lexib le  and c o m p a c t  a s  poss ib le .  

f )  The  loop r e s i s t a n c e  of e a c h  p y r o - e l e c t r o n i c s  t o  squ ib  
b r i d g e w i r e  cab le  ( including connec to r  pin r e s i s t a n c e ,  bu t  
exc lus ing  b r i d g e w i r e  r e s i s t a n c e )  s h a l l  not exceed  0 .  60 o h m  
o v e r  the  expec ted  opera t ing  t e m p e r a t u r e  r a n g e .  

g )  P o w e r  d i s t r ibu t ion  cabl ing  s h a l l  not c a u s e  a vol tage  d r o p  
between the  power  d i s t r ibu t ion  unit and the  load tha t  is 
g r e a t e r  than 0.  5  p e r c e n t  of the  d i s t r ibu ted  des ign  value f o r  
loads  a s  speci f ied  in  MJS77-3-250.  

h )  Cabling to  the  s c i e n c e  s c a n  p l a t f o r m  s h a l l  a l low the p l a t f o r m  
t o  r o t a t e .  The  m a x i m u m  to rque  r e q u i r e d  t o  twis t  the  cab le  
through the s c a n  r a n g e  indicated below a t  0 ° F  sha l l  be: 

T o r q u e  Scan Range 

( in-  l b f )  
c m - N  ( d e g r e e s  f r o m  c e n t e r )  

Az imuth  a x i s  *I12 (* 10) *180° 

Eleva t ion  a x i s  *224 (*20) *120° 

i )  C a b l e s  e x t e r n a l  t o  the  bus and s c i e n c e  s c a n  p l a t f o r m  e n c l o s u r e s  
sha l l  be conductively i so la ted  f r o m  s u p p o r t  s t r u c t u r e  and r a d i a -  
t ive ly  insu la ted  s u c h  tha t  h e a t  t r a n s f e r  to  o r  f r o m  s e n s i t i v e  
equ ipment  v i a  cabl ing  i s  m i n i m i z e d .  

4 . 1 0  P r o p u l s i o n  s u b s y s t e m  ( P R O P )  

4 . 1 0 . 1  F unction 

The  P R O P  s h a l l  provide:  

a )  The  f ina l  i n c r e m e n t  of in jec t ion  e n e r g y  t o  ach ieve  the  
r e q u i r e d  i n t e r p l a n e t a r y  t r a j e c t o r y .  



b) I m p u l s e  f o r  p o s t  i n j ec t ion  t r a j e c t o r y  c o r r e c t i o n s .  

c )  C o n t r o l  t o r q u e  to m a i n t a i n  s p a c e c r a f t  o r i e n t a t i o n  and s t ab i l i t y  

* 4 . 1 0 . 2  S ingle  P o i n t  F a i l u r e  E x e m p t i o n s  

T h e  following P R O P  c o m p o n e n t s  a r e  e x e m p t  f r o m  the  s ing le  poin t  
f a i l u r e  c r i t e r i a  of MJS77-2-100,  p a r a g r a p h  4 . 4 ,  and p a r a g r a p h  
3 .  5. 1 .  2  of t h i s  d o c u m e n t .  

a) I P U  e n g i n e s .  

b) Solid m o t o r  inc luding  the  s a f e l a r m  dev ice .  

c )  P r o p e l l a n t  t a n k  and  l i n e s .  

d )  P i n t e g r a t o r  output.  
C 

jl, 4. 1 0 . 3  R e q u i r e m e n t s  and  C o n s t r a i n t s  

T h e  so l id  r o c k e t  m o t o r  def ined  by Th ioko l  C h e m i c a l  C o r p o r a -  
t ion  Spec i f i ca t ion  C P 3 6 4 - 4  s h a l l  be used  to  p r o v i d e  f ina l  
i m p u l s e  f o r  i n j ec t ion .  

T h e  T C A P U  s h a l l  p r o v i d e  t h r u s t  f o r  t h r u s t e r  c a l i b r a t i o n  and  
a t  l e a s t  n ine  t r a j e c t o r y  c o r r e c t i o n s .  ( T h e  f i r s t  t r a j e c t o r y  
c o r r e c t i o n  m a y  inc lude  m u l t i p l e  t h r u s t  p e r i o d s .  ) 

T h e  P R O P  s h a l l  s a t i s f y  the t r a j e c t o r y  c o r r e c t i o n  ve loc i ty  
spec i f ied  in  MJS77- 3- 150 .  

R e a c t i o n  c o n t r o l  expendab le  m a s s  s h a l l  be a l l oca t ed  suf f ic ien t  
t o  p e r f o r m  the  m i s s i o n  e v e n t s  spec i f i ed  in  MJS77-3-120 wi th  
the  expendab le  m a s s  a l l oca t ed  i n  MJS77-3-230.  

T h e  m i n i m u m  t h r u s t e r  i m p u l s e  bi t  f o r  a T C A P U  t h r u s t e r  sha l l  
be < 0 . 0 1  78  N- s  ( 0 .  004  lbf- s) wi th  m i n i m u m  open  c o m m a n d  a s  
spec i f ied  in  4.  7. 3. i and  wi th  a  duty  c y c l e  l e s s  t h a n  0 .  01 p e r -  
cen t .  

T h e  m i n i m u m  t h r u s t  p rov ided  by a n y  T C A P U  t h r u s t e r ,  a f t e r  
one  second  of f i r i n g ,  s h a l l  be 0.  445  N ( 0 . 1 0  lbf) .  

T C A P U  t h r u s t e r  pu l se - to -pu l se  i m p u l s e  bit  v a r i a b i l i t y  u n d e r  
f ixed cond i t i ons  s h a l l  be < *15 p e r c e n t  (30) f o r  du ty  c y c l e s  l e s s  
t h a n  0. 01 p e r c e n t .  T h r u s t e r - t o - t h r u s t e r  s t e a d y  s t a t e  t h r u s t  
v a r i a b i l i t y  s h a l l  be <5 p e r c e n t  ( 3 0 ) .  

T C A P U  t h r u s t e r  i m p u l s e  b i t  s h a l l  be p r e d i c t a b l e  to  < *50 p e r -  
c e n t  (30) f o r  a n y  o p e r a t i n g  condit ion.  



i) TCAPU pu lse  r e s p o n s e  under  any opera t ing condit ions sha l l  be: 

1) M a x i m u m  c h a m b e r  p r e s s u r e  r i s e  t i m e  
Signal  to 10 p e r c e n t  of pu l se  peak t h r u s t  - 30 m s  
Signal  to 90 p e r c e n t  of pu l se  peak t h r u s t  - 80 m s  

2)  Maximum c h a m b e r  p r e s s u r e  d e c a y  t i m e  
Signal  to  10 p e r c e n t  of pu l se  peak  t h r u s t  - TBD 

j  F o r  a s ingle  t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r  the  TCAPU sha l l  
provide  a to ta l  impulse  va r iab le  o v e r  the  range  71.2 to 48,  900 
N-s (16 to  11 ,  000 lbf-s) .  

k) Impulse  p red ic t ion  e r r o r  dur ing T C M  sha l l  be a s  specif ied in  
MJS77-3-170. 

1) E a c h  TCAPU t h r u s t e r  sha l l  be capable  of a t  l e a s t  400, 000 
ac tuat ions .  

m )  The m a x i m u m  leakage f o r c e  produced by a single t h r u s t e r  
sha l l  not exceed 22.2  x ~ O - ~ N  ( 5  x lbf) .  

n)  The t h r u s t  provided by a n  I P U  A o r  B engine s h a l l  be - > 4 3 4  N 
(97.6  lbf) .  

o) The t h r u s t  provided by a n  IPU r o l l  engine sha l l  be > 24 N - 
( 5 . 4  lbf ) .  

p) P u l s e  r e s p o n s e  ( a f t e r  1 s  w a r m - u p )  f o r  a l l  IPU engines:  

1) M a x i m u m  c h a m b e r  p r e s s u r e  r i s e  t ime:  
Signal  t o  1 0  p e r c e n t  of peak pulse  t h r u s t  - 25 m s  
Signal  to  90 p e r c e n t  of peak pu l se  t h r u s t  - 45 m s  

2) Maximum c h a m b e r  p r e s s u r e  decay  t ime: 
Signal  to 1 0  p e r c e n t  of peak pu l se  t h r u s t  - 35 m s  

q) The m i n i m u m  impulse  bit f o r  I P U  eng ines  a f t e r  1 s f i r ing  t i m e  
sha l l  be < 13. 3 N-s  ( 3 . 0  lbf -s)  f o r  the A & B eng ines  and 
< 0.667 G- s ( 0 . 1 5  lbf-s)  f o r  the  r o l l  engine with m i n i m u m  open - 
c o m m a n d s  a s  specif ied i n  4. 7. 3 .  i. 

T e m p e r a t u r e  Cont ro l  Subsys tem ( T E M P )  

* 4 . 1 1 . 1  Funct ion 

The function of the T E M P  i s  to  main ta in  the t e m p e r a t u r e  throughout 
the  s p a c e c r a f t  to within the  l i m i t s  specif ied i n  MJS77-3-210. In 
addit ion,  m i c r o m e t e o r o i d  p ro tec t ion  i s  provided by the T E M P .  

4. 11 .2  Single P o i n t  F a i l u r e  Exempt ions  

The following T E M P  components  a r e  spec i f i c  exempt ions  f r o m  the 
s ingle  point f a i l u r e  c r i t e r i a  of MJS77-2-100, p a r a g r a p h  4. 4. 

a )  T h e r m a l  b lankets .  



b )  T h e r m a l  s h i e l d s .  

c )  RHUs .  

d )  M i c r o m e t e o r o i d  s h i e l d s .  

4 .  1 1 . 3  R e q u i r e m e n t s  and C o n s t r a i n t s  

H a r d w a r e  e l e m e n t s  r e q u i r e d  f o r  t h e r m a l  c o n t r o l  which a r e  physica l ly  
incorpora ted  into o t h e r  s u b s y s t e m s  a r e  cons ide red  t o  b e  p a r t  of 
the s u b s y s t e m  with which they a r e  de l ive red  to SAF and a r e  t h e r e -  
f o r e  not p a r t  of the  T E M P  m a s s  a l locat ion .  E x a m p l e s  of such  
i t e m s  a r e  pa in ts ,  h e a t e r s ,  t h e r m a l  i so la t ion  mounts ,  and s o m e  
t h e r m a l  s h i e l d s .  

4 . 1 2  Mechan ica l  Dev ices  Subsys tem ( D E V )  

4 . 1 2 . 1  Func t ion  

The DEV s h a l l  provide  la tching,  deployment ,  and damping 
Specif ic  functions p e r f o r m e d  a r e :  

a )  Deployment  of the  

1)  R T G b o o m .  

2) Sc ience  b o o m .  

3 )  M a g n e t o m e t e r  boom.  

b )  Latching of 

1 )  Science  Scan  p l a t f o r m  to PM. 

2)  RTG B o o m  to PM. 

3 )  P M  t o  MM. 

4 1 P M  t o  LV.  

5) M a g n e t o m e t e r  boom.  

c )  Separa t ion  of 

1 )  Spacec ra f t  f r o m  LV. 

2) P M  f r o m  MM. 



*4. 12.2 Single Point  Fa i lu re  Exemptions 

The magnetometer  boom and the deployment mechanisms  f o r  the 
RTG boom and science boom a r e  exempted f r o m  the s ingle  point 
fa i lu re  c r i t e r i a  of MJS77-2- 100, paragraph  4.4. 

##4. 12.3 Requirements  and Constraints  

a )  The RTG and science boom nominal deployment r a t e  sha l l  
be 0.3 deg/s .  

b )  The magnetometer  deployment r a t e  shal l  b e  0. 125 m / s .  

c )  The outboard low field magnetometer  shal l  be deployed 13 m 
f r o m  the intersect ion of the boom center  line with i t s  mount- 
ing plane, with the s enso r s  located a s  specified in 
MJS77-3- 180 and aligned a s  specified in MJS77-3-170. 

d )  RHUs sha l l  be mounted to the support  s t ruc tu re  f o r  the HFM 
magnetometer  s e n s o r .  Thermal ly  conductive paths into the 
magnetometer  f rom the RHUs shal l  be provided. 

e )  A separat ion fo rce  sha l l  be  impar ted  to the MJS77 spacecraf t  
sufficient t o  m e e t  the requi rements  of paragraph  3.4.3. 1.2. 
An impact - f ree  (nominal)  separat ion shal l  be  achieved in the 
face  of a Centaur res idual  r a t e  specified in paragraph  3.4.3.1.2. 

f )  A separat ion force  shal l  be sufficient to generate  a relative 
separat ion r a t e  between the MM and the PM a s  specified in 
paragraph 3 . 4 .  3. 1 . 2 .  An impact f r e e  (nominal)  separat ion 
and post jettison MM ra t e s  a s  specified in paragraph 3 . 4 . 3 .  1 .  2 
sha l l  be provided. 

g )  The DEV sha l l  provide the  capability to  reduce the I 
product of iner t ia  to  a nominal value of z e r o  within t e 
to le rances  specified in  MJS77-3 -200. 

r 
h) Damper s  sha l l  be installed on the RTG Boom Locking Strut  and 

Magnetometer  Boom Assembly .  The damper s  sha l l  provide 
damping of the f o r m  e-2rYt ove r  the des i red  displacement  
range (x);  where y i s  the product [ ( c / c C )  x (fn)] .  

F o r  c / c c  = 0. 04, the damping product (y) and displacement  
values a r e  given below. 



D a t a  S t o r a g e  S u b s y s t e m  (DSS) 

B o o m  

R T G  

M a g .  

F u n c t i o n  

T h e  DSS s h a l l  p r o v i d e  bulk  s t o r a g e  of s p a c e c r a f t  d ig i t a l  da ta .  

Damping  P r o d u c t  (y )  

0 . 0 9 1  Hz 

0 . 0 0 6 4  Hz  

4. 13 .2  S ing le  P o i n t  F a i l u r e  E x e m p t i o n s  

D i s p l a c e m e n t  L i m i t s  

0 . 0 0 0 5  2 x 2 0 . 0 0 0 1  i n .  

0 . 0 0 1 2 5  I x 2 0 .  00025 i n .  

T h e  DSS i s  e x e m p t  f r o m  t h e  s i n g l e  poin t  f a i l u r e  c r i t e r i a  of 
MJS77-2-100,  p a r a g r a p h  4.4. 

R e q u i r e m e n t s  and  C o n s t r a i n t s  

a )  T h e  DSS s h a l l  a c c e p t  s i n g l e  s t r e a m  d a t a  f o r  s t o r a g e  a t  
1 1 5 . 2  o r  7 . 2  k b p s .  

b )  T h e  DSS s h a l l  p lay  b a c k  the  s t o r e d  d a t a  a t  57.  6, 33.  6, 21. 6  
o r  7 .  2 k b p s  i n  a t i m e  s e q u e n c e  t h a t  i s  t h e  s a m e  as the  
r e c o r d e d  s e q u e n c e .  

c )  T h e  b i t  e r r o r  r a t e  a t  end  of m i s s i o n  s h a l l  b e  l e s s  t han  
m e a s u r e d  b e t w e e n  input  and  output  of the  DSS f o r  all p layback  
r a t e s .  

d) With cont inuous  input  d a t a ,  t he  s t o r a g e  c a p a c i t y  of t he  DSS 
s h a l l  b e  a t  l e a s t  5. 36  x l o 8  b i t s .  T h e  DSS s h a l l  p rov ide  the  
capab i l i t y  to  s t o r e  b l o c k s  of d a t a  of v a r i a b l e  s i z e .  S t o r a g e  
c a p a c i t y  l o s t  d u r i n g  s t a r t i n g  a n d  s topping  t o  r e c o r d  a b lock  of 
d a t a  s h a l l  not  e x c e e d  4 x 1 0 5  a n d ,  l o 4  b i t s  f o r  r e c o r d  r a t e s  
of 115 .  2 ,  and 7 .  2  k b p s ,  r e s p e c t i v e l y .  

e )  T h e  DSS s h a l l  p rov ide  a s l e w  m o d e  f o r  r ap id  a c c e s s  of a  
r e c o r d  o r  p layback  s t a r t i n g  poin t .  



f )  The  DSS s h a l l  provide  the  capabi l i ty  t o  s t a r t  r e c o r d  o r  play- 
back  a t  a n y  point on the  t a p e .  The  DSS s h a l l  provide an  
output s igna l  indica t ive  of tape  m o v e m e n t  tha t  wil l  a c c o m m o -  
da te  locat ion  of a  spec i f i c  point on the tape  *10 c m  ( 4  i n .  ) .  

g)  T h e  to ta l  tape  t r a v e l  a c r o s s  the DSS r e c o r d / p l a y b a c k  head 
s h a l l  not  exceed  8 .  34 x 105 m .  

h )  T h e  to ta l  n u m b e r  of p a s s e s  a c r o s s  a  head by a n y  s e c t i o n  of 
tape  s h a l l  not exceed  6500. 

i )  The  de lay  between t h e  r e c e i p t  of s t a r t  r e c o r d  s igna l  and 
when the DSS i s  r e a d y  to  r e c e i v e  d a t a  s h a l l  b e  l e s s  than 4 .  5 s .  

j )  T h e  DSS s h a l l  provide  the  capabi l i ty  t o  s t a r t  and s t o p  the  DSS 
tape  a m i n i m u m  of 104 t i m e s .  

k)  T h e  DSS s h a l l  provide  a ded ica ted  locat ion  on the  m a g n e t i c  
t ape  to  b e  used  f o r  s t o r a g e  a t  F D S  p r o g r a m s .  T h e r e  s h a l l  
b e  a m i n i m u m  of e ight  s e g m e n t s  of t a p e ,  e a c h  with a capac i ty  
g r e a t e r  than 150 k b i t s ,  c e r t i f i e d b y  b i t  e r r o r  t e s t s  to b e  
e r r o r  f r e e .  

1) The  DSS s h a l l  provide  a pulse  output indicat ing when the  tape  
h a s  r e a c h e d  the  beginning o r  end of the  t a p e .  

4. 14 S / X  Band Antenna S u b s y s t e m  (SXA) 

4. 14. 1 Func t ion  

T h e  SXA s h a l l  p e r f o r m  the  funct ions  defined i n  MJS77-3-300. 

#54. 14. 2 Single  P o i n t  F a i l u r e  Exempt ion  

The  SXA equ ipment  s h a l l  b e  e x e m p t  f r o m  the  s i n g l e  point  f a i l u r e  
c r i t e r i a  of MJS77-2-100, p a r a g r a p h  4.4. 

+k 
bh 4.  14 .  3 R e q u i r e m e n t s  and C o n s t r a i n t s  

The  SXA r e q u i r e m e n t s  and c o n s t r a i n t s  a r e  speci f ied  in 
MJS77-3-300.  

C o s m i c  R a y  S u b s y s t e m  (CRS) 

4 .  15.  1 Func t ion  

T h e  CRS s h a l l  m e a s u r e  the  e n e r g y  and compos i t ion  of c o s m i c  r a y  
nucle i  f r o m  hydrogen  to  i r o n  o v e r  the  e n e r g y  range  f r o m  1 to 
500 MeV p e r  nucleous  . E l e c t r o n s  s h a l l  be  m e a s u r e d  o v e r  the  
r ange  f r o m  3 t o  120 M e V .  T h e s e  m e a s u r e m e n t s  s h a l l  be  m a d e  
dur ing  both c r u i s e  and encoun te r  p h a s e s  of the  m i s s i o n .  



+$ 4.  15 .  2  R e q u i r e m e n t s  and  C o n s t r a i n t s  

a )  T h e  CRS s h a l l  b e  moun ted  to  the s p a c e c r a f t  c o n s i s t e n t  with 
the  r e q u i r e m e n t s  spec i f i ed  in MJS77-  3-180.  

b )  T h e  CRS s h a l l  not  b e  e x p o s e d  to  r e l a t i v e  humid i ty  o v e r  
70 p e r c e n t  (50 p e r c e n t  when o p e r a t i n g ) .  

P l a n e t a r y  Rad io  A s t r o n o m y  S u b s y s t e m  ( P R A )  

F u n c t i o n  

T h e  P R A  s h a l l  m e a s u r e  the  s t r e n g t h  and  p o l a r i z a t i o n  of r a d i o  
s i g n a l s  i n  the  20 kHz t o  40.  5 MHz  r a n g e .  T h e s e  m e a s u r e m e n t s  
s h a l l  be  m a d e  d u r i n g  both c r u i s e  and  e n c o u n t e r  p h a s e s  of the 
m i s s i o n .  

4 .  16 .  2  S ingle  P o i n t  F a i l u r e  E x e m p t i o n  *:- 
T h e  P R A / P W S  a n t e n n a  is e x e m p t e d  f r o m  t h e  s i n g l e  poin t  f a i l u r e  
c r i t e r i a  of MJS77-2-100,  p a r a g r a p h  4.4. 

454.  16. 3  R e q u i r e m e n t s  a n d  C o n s t r a i n t s  

a )  T h e  s p a c e c r a f t  s h a l l  p r o v i d e  moun t ing  f o r  two, deployable ,  - 
1 0 - m  length ,  i n t e r l o c k i n g  monopo le  an t ennas .  De ta i l ed  m o u n t -  
ing  is s p e c i f i e d  i n  MJS77-3-180.  

b )  T h e  P R A  monopo le  an t enna  s h a l l  b e  des igned  t o  p rov ide  the  
fol lowing s t a b i l i t y  p r o p e r t i e s :  

1) Bending  s t i f f n e s s  EI 2 1 6 .  6  l b - f t2 .  

2) Bending  s t r e n g t h  a t  an t enna  b a s e  1 3 .  7  x f t - l b .  

3) Antenna  e l e m e n t  m a s s  I 0 .  5  l b m .  

4 .  17 P l a s m a  Wave S u b s y s t e m  (PWS)  

* 4 . 1 7 1  
F u n c t i o n  

T h e  PWS s h a l l  m a k e  m e a s u r e m e n t s  of t h e  e l e c t r i c  f i e l d s  of p l a s m a  
w a v e s  bo th  d u r i n g  c r u i s e  and  a t  J u p i t e r  a n d  S a t u r n  i n  t h e  f r e q u e n c y  
r a n g e  f r o m  10 Hz to  56.2 kHz. 

4. 17. 2  R e q u i r e m e n t s  a n d  C o n s t r a i n t s  

a )  T h e  PWS s h a l l  u s e  t h e  p l a n e t a r y  r a d i o  a s t r o n o m y  an tennas .  

b )  T h e P W S s h a l l p r o v i d e n o t c h f i l t e r i n g t o r e j e c t 2 . 4 a n d  
7. 2  k H z  i n t e r f e r e n c e  s igna l s .  



4 .  18 Low E n e r g y  C h a r g e d  P a r t i c l e  S u b s y s t e m  ( L E C P )  

+& 4.  18.  1 Func t ion  

T h e  L E C P  m e a s u r e s  the  c h a r g e  and e n e r g y  d i s t r ibu t ion  of n u c l e i .  
o v e r  the e n e r g y  range  0 . 0 4  t o  1 30 MeV/nuc leon ,  the  e n e r g y  
d i s t r ibu t ion  of e l e c t r o n s  f r o m  10 keV to  10 MeV and protons  f r o m  
15 keV to  150 M e V .  

* ' 4 .  1 8 .  2 R e q u i r e m e n t s  and C o n s t r a i n t s  

a )  T h e  L E C P  s h a l l  b e  mounted  to  the s p a c e c r a f t  c o n s i s t e n t  with 
the  r e q u i r e m e n t s  spec i f i ed  in MJS77-  3- 180.  

b )  S p a c e c r a f t  wi l l  b e  ro l l ed  f o r  ca l ib ra t ion  a s  speci f ied  in 
MJS77-3-120.  

c )  The L E C P  s h a l l  not  induce  into any  MM a x i s  a m o m e n -  
t u m  i n c r e m e n t  g r e a t e r  than 7 .  5 x 10-2  k g - m 2 / s .  

d )  T h e  L E C P  s h a l l  not b e  exposed t o  humidi ty  in e x c e s s  of 
50 p e r c e n t .  

4 .  19 P h o t o p o l a r i m e t e  r S u b s y s t e m  ( P P S )  * 4 .  19 .  1 Func t ion  

T h e  function of the  P F S  i s  to  m e a s u r e  the  in tens i ty  and polar iza t ion  
of l ight  a t  e igh t  wavelengths  be tween 235 and 750 n a n o m e t e r .  

+ 4 .  1 9 . 2  
R e q u i r e m e n t s  and C o n s t r a i n t s  

a )  The  P P S  s h a l l  be mounted on the  s c i e n c e  s c a n  p l a t f o r m  and 
b o r e  sighted wi th  the  ISS a s  speci f ied  in  MJS77-3- 180. 

b )  T h e  P P S  s h a l l  b e  compat ib le  with pointing a c c u r a c i e s  
spec i f i ed  in MJS77-  3- 170.  

c )  Rota t ion  of f i l t e r  wheel  and a p e r t u r e / p o l a r i z e r  whee l  s h a l l  
not  induce into any  MM axis a m o m e n t u m  g r e a t e r  t h a n  
7. 5 x k g - m Z / s .  

d )  T h e  s p a c e c r a f t / s c i e n c e  p la t fo rm or ien ta t ion  s h a l l  b e  con-  
t r o l l e d  s u c h  tha t  the  s u n  d o e s  not  c o m e  within 0 . 3 4 9  r a d  of 
the  P P S  b o r e s i g h t .  

e )  T h e  P P S  s h a l l  p rov ide  a B r e w s t e r  p la t e  f o r  po la r i za t ion  
ca l ibra t ion .  The  p la te  s h a l l  b e  mounted  per the  r e q u i r e -  
m e n t s  of MJS77-3-180 to  the  a c c u r a c i e s  spec i f i ed  i n  
MJS77-3-170. 

f )  T h e  MM will  p rov ide  f o r  viewing of a n  MM mounted  t a r g e t  
and the  B r e w s t e r  p la t e  f o r  in-f l ight  ca l ib ra t ion  of t h e  PPS .  



4. 20 P l a s m a  Subsystem (PLS) 

4.20. 1 Function 

The PLS measures  both so la r  wind electrons and so lar  wind ions 
with energies in the range of 10 to 5950 V.  

Requirements and Constraints 

a )  The PLS shall  be mounted to the spacecraf t  consistent with 
the requirements specified in MJS77- 3- 180. 

b) P r i o r  to and during instrument operation the relative 
humidity shall  be maintained a t  50 percent o r  l e s s .  

c )  The PLS shall  be compatible with the pointing accuracies 
specified in MJS77-3- 170. 

4. 21 Ultraviolet Spectrometer  Subsystem (UVS) 

t 4 . 2 1 .  1 Function 

The UVS measures  ultraviolet  emissions in the region 40 to 
180 nm. 

r 4.21.2 Requirements and Constraints 

a )  The UVS i s  mounted on the science scan platform and i ts  a i r -  
glow FOV boresighted with ISS a s  specified in MJS77-3- 180, 
and aligned to the accuracies  specified in MJS77-3- 170. 

b)  The UVS occultation FOV shall  be aligned compatible with 
the pointing accuracies  specified in MJS77-3-170. 

c )  The requirements  for  science maneuvers a r e  specified in 
MJS77-3-120. 

d)  Spacecraft  orientation will be controlled such that the 
sun does not come within 20 deg of the UVS airglow bore 
boresight. 

e )  The MM will provide for viewing of a MM mounted target  for 
in-flight calibration of the UVS. 

f )  During s torage o r  ground operations the UVS will not be 
exposed to relative humidity g rea te r  than 15 percent. 



4. 22 Magne tomete r  S u b s y s t e m  (MAG) 

Funct ion 

The  MAG m e a s u r e s  the a m b i e n t  m a g n e t i c  f i e l d s  o v e r  the range  
10-11 to  2 ~ o - ~ T .  

* 4 . 2 2 . 2  R e q u i r e m e n t s  and C o n s t r a i n t s  

a )  The MAG c o n s i s t s  of two low field m a g n e t o m e t e r s  ( L F M )  and 
two high field m a g n e t o m e t e r s  ( H F M )  and sha l l  be mounted on 
a deployable boom a s  specif ied i n  MJS77-3-180. 

b) Two a x e s  of e a c h  s e n s o r  s h a l l  be al igned t r a n s v e r s e  to  the MM 
r o l l  ax i s .  The th i rd  s e n s o r  a x i s  sha l l  be al igned p a r a l l e l  to 
the MM r o l l  ax i s .  Al ignment  a c c u r a c i e s  sha l l  be a s  specif ied 
in  MJS77-3-170. 

c )  The MM magne t i c  f ield s h a l l  not exceed 0 . 2  nT  a t  the  out- 
board L F M  a s  es tabl ished by ana ly t i ca l  m e a n s .  

d The  MAG s e n s o r s  a x i s  s h a l l  be al igned to mechan ica l  r e f e r -  
ence  m a r k s  compat ib le  with p a r a g r a p h  3 .6 .  3. 7 and 
MJS77-3-170. 

e )  The  MM wil l  provide  ro ta t ion  about  the MM ro l l  a x i s  and 
s e p a r a t e l y  abou t  the  yaw o r  p i tch  a x i s  f o r  in  f l ight  ca l ib ra t ion  
a s  specif ied in  MJS77- 3- 120. 

f )  RHUs wi l l  be accommodated  by the suppor t  s t r u c t u r e  f o r  the 
H F M  s e n s o r s  r a t h e r  than by the s e n s o r s  t h e m s e l v e s .  RHU 
a t t a c h m e n t  sha l l  be accommodated  by the L F M  s e n s o r  b a s e  
p l a t e s  and sha l l  be a p a r t  of the  L F M  s e n s o r s .  

T h e r m a l l y  conductive paths  into the  sens i t ive  e l e m e n t s  of the  
m a g n e t o m e t e r  s e n s o r s  f r o m  the RHUs s h a l l  be provided.  

4. 23 Imaging Sc ience  Subsy s  t e m  (ISS) 

4. 23.1 Funct ion 

The  ISS sha l l  a c q u i r e  i m a g e  d a t a  of J u p i t e r  and S a t u r n  and many  of 
t h e i r  sa te l l i t e s .  

$, 4. 23. 2 R e q u i r e m e n t s  and C o n s t r a i n t s  

a )  The  ISS s h a l l  c o n s i s t  of a  two c a m e r a  s y s t e m ,  a n a r r o w  angle  
(1. 5 m )  and a s e p a r a t e  wide angle  (0 .  2 m ) .  

b) The n a r r o w  angle  and wide ang le  c a m e r a s  sha l l  be mounted on 
the sc ience  s c a n  p la t fo rm as  specif ied in  MJS77-3- 180. 



c )  T h e  ISS s h a l l  b e  moun ted  o n  the s p a c e c r a f t  and a l igned  a s  
spec i f i ed  in  MJS77-3 -  170 .  

d )  T h e  M M  w i l l  p r o v i d e  f o r  viewing of a  M M  moun ted  t a r g e t  
f o r  in - f l igh t  c a l i b r a t i o n  of t he  ISS. 

e )  T h e  ISS s h a l l  p rov ide  r e s e a u  m a r k s  s u c h  t h a t  the o r i e n t a t i o n  
of e a c h  i m a g e  i s  unambiguous ly  e s t a b l i s h e d .  

4 .  24 I n f r a r e d  I n t e r f e r o m e t e r  S p e c t r o m e t e r  and  R a d i o m e t e r  
S u b s y s t e m  (IRIS) 

& 4 .  24 .  1  F u n c t i o n  

T h e  IRIS s h a l l  s e n s e  the  i n f r a r e d  s p e c t r u m  f r o m  200 t o  4000 c m - 1 .  
Re f l ec t ed  s o l a r  e n e r g y  be tween  5000 and 33000 c m - l  s h a l l  a l s o  b e  
m e a s u r e d .  

4 4 .  24 .  2  Requi r e m e n t s  a n d  C o n s t r a i n t s  

a )  T h e  IRIS s h a l l  be mounted  o n  the  s c i e n c e  s c a n  p l a t f o r m  
and  bo res igh ted  wi th  the  ISS a s  spec i f i ed  in  MJS77-3-  180. 

b )  T h e  M M  wi l l  p r o v i d e  knowledge of the  IRIS point ing 
d i r e c t i o n .  T h e  IRIS s h a l l  be a l i gned  to  t he  a c c u r a c i e s  
spec i f i ed  in  MJS77-  3-  170 .  

c )  T h e  IRIS s h a l l  n o t  induce  in to  a n y  M M  a x i s  a  m o m e n t u m  
i n c r e m e n t  g r e a t e r  t han  7. 5 x k g - m ' 2 / s .  

d )  T h e  M M  s h a l l  p r o v i d e  f o r  viewing of a  M M  moun ted  
t a r g e t  f o r  in - f l igh t  c a l i b r a t i o n  of t h e  IRIS. 

e )  Re la t ive  humid i ty  of o p t i c s  modu le  m u s t  b e  m a i n t a i n e d  below 
30 p e r c e n t  d u r i n g  g round  t e s t i n g .  

f )  T h e  IRIS s h a l l  b e  compa t ib l e  wi th  the  d a t a  b i t  e r r o r  r a t e s  
spec i f i ed  in  MJS77-  3-270.  

g )  V ib ra t ion  l e v e l s  d u r i n g  IRIS o p e r a t i o n  m u s t  b e  l e s s  than 
0 . 0  1 g peak  in  t h e  f r e q u e n c y  band f r o m  5 to  640 H z .  

NASA - JPL - Caml . ,  L . A . ,  calif 
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FUNCTIONAL REQUIREMENT AMENDMENT 

( I n s e r t  in 61 8-205, MJS77 Funct ional  Requ i r emen t s  Book) 

FUNCTIONAL REQUIREMENT 

MARINER JUPITER/SATURN 1977 

- 
TITLE: 

' AMENDMENT No. 1 

P A G E ~ O F ~  

I - -  - p  

! FRNo. MJS77-3-100 

SPACECRAFT REQUIREMENTS AND CONSTRAINTS 1 DATE: 9 October  1975 

11 PERECRNo. 36072 

DESCRIPTION OF CHANGE: 

1. On page 40, pa r ag raph  4. 13. 3 ,  i t em  d ) ;  l ine  5 ,  change: 

4 
F r o m :  10 b i t s  f o r  r e c o r d  . . . 
To:  

4 
- 1. 5 x 10 b i t s  f o r  r e c o r d  . . . 

3. On  page 27, pa r ag raph  4. 1. 3 ,  i t em  f ) ,  l ine  2 ,  change: 

F r o m :  F / D  of 0. 0338, . . . 
To: - F / D  of 0. 338, . . . 

2. On page 13,  pa r ag raph  3. 3. 6. 3 ,  i t em c ) ;  l a s t  column of Tab le ,  change:  

WAS - IS 

20 m r / l  s 

150 m r / l O  s (100 m r / l O  s) 

20 m r / l  s 

fl/&>,a. PdGLz/ 
SYSTEM 

20 p r / 1  s 

150 p r / l O  s (100 p r / l O  s )  

20 p r / l  s 

DISTRIBUTION: 

L i s t  197 

REMARKS: 

I t em  1 per  ECR 36072 

I t e m s  2 and 3 to c o r r e c t  typographical  e r r o r  in ini t ial  r e l e a s e  



4-3 F U N C T I O N A L  REQUIREMENT A M E N D M E N T  
I (Insert  in  61 8-205, MJS77 Functional Requirements Book) - - -- 

TITL+ 
FUNCTIONAL REQUIREMENT FR No- MJS77-3-100 

MARINER JUPITER /SATURN 1977 I AMENDMENTNO. 2 
SPACECRAFT REQUIREMENTS AND CONSTRAINTS I PAGE 1 O F  2 

I DATE: 24 February 1976 

I PER ECR No. See Remarks 

DESCRIPTION OF CHANGE: 

1. Delete paragraph 4.12.3d, page 39 in  its entirety. 

2. Change paragraph 4.22.2f, page 45 a s  follows: 

IS: - 
RHU holders for  both the HFM and the LFM shall  be provided 
by MAG. Thermally conductive paths into the sensitive 
elements of the magnetometer sensors  f rom the RHUs shall  
be provided. 

WAS - 
RHUs will be accommodated by the support s t ructure for the 
HFM sensors  ra ther  than by the sensors  themselves. RHU 
attachment shall  be accommodated by the LFM sensor base 
plates and shall  be a p a r t  of the LFM sensors.  

Thermally conductive paths into the sensitive elements of 
the magnetometer sensors  f r o m  the RHUs shall  be provided. 

3. Change paragraph 4.6.2, page 31, a s  follows: 

IS: - 
Although there  a r e  no exemptions to the single point failure c r i t e r i a  
of MJS77-2-100, the requirements of paragraph 3.5.1.1 of this docu- 
ment  a r e '  exempted to  the extent that a failure in the FDS state vector 
control logic shall  be counted a s  one failure,  e. g. ,  failure modes in - 
state vector control logic can preclude switching redundant units but 
a second failure is required before capability is lost. 

WAS: - 
Although there  a r e  no exemptions to  the single point failure c r i t e r i a  
of MJS77-2-100, the requirements of paragraph 3.5.1.1 of this  
document a r e  exempted t o  the extent that the FDS state vector con- 
t r o l  logic shall  be designed such that a failure will resul t  in  a l l  
"A" units being selected. 

DISTRIBUTION: 

Lis t  197 

I 

REMARKS: 

I tems 1 and 2 p e r  ECR 36098 
I tems 3 pe r  ECR 36172 
I tem 4 per  ECR 36088A 

SYSTEM 



Page  2 of 2 

4. Change s t e p  q )  of paragraph  4.  10 .3 ,  page 37, a s  follows: 

WAS: 

q) The min imum impulse  bit f o r  IPU engines a f t e r  1 s f i r ing 
t ime  sha l l  be  S 13. 3 N-s (3.  0 lbf-s)  f o r  the A & B engines 
and 5 0. 667 N-s  (0.  15 lbf-s)  f o r  the ro l l  engine with mini-  
m u m  open commands a s  specified in 4. 7 .  3. i. 

IS: - 

q )  The min imum impulse  bit f o r  IPU engines a f t e r  1 s f i r ing 
t ime  sha l l  be  g r e a t e r  than 13. 3 N-s  (3.  0 lbf-s)  f o r  the 
A & B engines and g r e a t e r  than 0. 667 N - s  (0 .15  lbf-s)  f o r  
the ro l l  engine with min imum open commands a s  specified 
i n  4.  7 . 3 .  i .  



FUNCTIONAL REQUIREMENT AMENDMENT 
( I n s e r t  i n  6 18- 205, MJS77 Funct ional  R e q u i r e m e n t s  Book) 

- 

TITLE: 

FUNCTIONAL REQUIREMENT 

MARINER JUPITERISATURN 1977 

SPACE CRAFT REQUIREMENTS AND CONSTRAINTS 

.. - - -- -- - - - - - 

FR No. MJS77-3-100 

AMENDMENT No. 3 

PAGE _L OF _2_ 

DATE: 22 A p r i l  1976 

I 
PER ECR No. See R e m a r k s  

DESCRIPTION OF CHANGE: 

Change p a r a g r a p h  3 . 4 .  3 . 1  . 2  

IS: The  re la t ive  s e p a r a t i o n  r a t e  between the  P M  and MM s h a l l  be  - 
0.  55 to  0 .  75 m / s .  

WAS: The  re la t ive  s e p a r a t i o n  r a t e  between t h e  P M  and M M  s h a l l  be  

2. Add p a r a g r a p h  a s  fol lows:  

4. 7.  3. 1 The following s e q u e n c e s  m u s t  be  followed dur ing  a l l  TCAPU 
t h r u s t e r  f i r ings :  

1 .  Open t h e  hydraz ine  s o u r c e  i so la t ion  valve  p r i o r  to  energ iz ing  
(opening) any t h r u s t e r  va lve  down s t r e a m  of the  i sola t ion  va lve .  

2. D e - e n e r g i z e  ( c l o s e )  a l l  t h r u s t e r  va lves  p r i o r  t o  c los ing the  
h y d r a z i n e  s o u r c e  i sola t ion  valve  u p s t r e a m  of the  t h r u s t e r .  

3. Change p a r a g r a p h  3 . 3 . 4 . 2  g b y  adding the  following sen tence .  

Al l  s u b s y s t e m s  s h a l l  document  t h e i r  power - o n - r e s e t  (POR)  state i n  t h e i r  four  - 
l e v e l  F R  and s h a l l  provide  the  s y s t e m  with POR t r i p  point d a t a .  

4. Change p a r a g r a p h  4 . 2 . 3  b y  adding the  following: 

e )  A power - o n - r e s e t  s h a l l  c a u s e  the  R F S  to r e t u r n  t o  i t s  p r e - p o w e r  
i n t e r r u p t e d  state. 

DISTRIBUTION: 

List No. 197 

REMARKS: I t e m  1 p e r  E C R  36079. 
I t e m  2 p e r  E C R  36188. 
I t e m s  3 ,  4 ,  5, 6,  7, and 8 p e r  ECR 36201. 
Item 9 p e r  E C R  36233. 



5.  Change p a r a g r a p h  4.3 .  3 b y  adding the  following: 

a )  MDS s h a l l  h a r d w i r e  e a c h  TMU to t h e  p l a n e t a r y  encoun te r  s t a t e .  

b )  MDS s h a l l  t r i p  a t  a n  input  voltage l e s s  than 4 4 . 8  V f o r  g r e a t e r  
than 30 p s e c  including u n c e r t a i n t i e s .  

6. Change p a r a g r a p h  4 . 5 .  3  b y  adding the  following: 

f )  T h e  CCS power  -on  - r e s e t  t r i p  point  r a n g e  sha l l  b e  45.3  *0.5 V 
f o r  20 *10 p s e c  including u n c e r t a i n t i e s .  

7 .  Change p a r a g r a p h  4 . 6 . 3  b y  adding the  following: 

o )  The  FDS power  - o n - r e s e t  s h a l l  t r i p  a t  an input voltage l e s s  than 
44. 8 V f o r  g r e a t e r  than 30 p s e c  including u n c e r t a i n t i e s .  

p) A p o w e r - o n - r e s e t  s h a l l  c a u s e  the  FDS t o  r e t u r n  t o  i t s  p r e - p o w e r  
i n t e r r u p t e d  s t a t e .  

8 .  Change p a r a g r a p h  4. 7. 3  b y  adding the  following: 

1) The  AACS p o w e r - o n - r e s e t  s h a l l  t r i p  a t  a n  input voltage l e s s  
than 44. 8 V f o r  g r e a t e r  than 30 p s e c  including uncer t a in t i e s  

9 .  Change p a r a g r a p h  4. 1 .  3 b y  dele t ing  s u b p a r a g r a p h  h )  in  i t s  e n t i r e t y .  



4-2 FUNCTIONAL REQUIREMENT AMENDMENT 
1 ( Inser t  in 61 8-205,  MJS77 Functional  Requi rements  Book) 

FUNCTIONAL REQUIREMENT 

MARINER JUPITER/SATURN 1977 

- 

I AMENDMENT No. 4 

TITLE: 

SPACECRAFT REQUIREMENTS AND CONSTRAINTS I pAGEroFL 

. . 

FR NO. MJS77-3-100 

I DATE: 9 August 1976 

I PERECRNo. See R e m a r k s  
- - -- - 

DESCRIPTION OF CHANGE: 

1 .  Change p a r a g r a p h  4 . 1 5 . 2 ,  I t em b,  to  r e a d  a s  follows: 

b) The CRS sha l l  not be operated in any environment  whose re la t ive  humidity 
exceeds  50 percen t ,  and sha l l  not be exposed fo r  m o r e  than 24 hours  to 
any nonoperating s t o r  age  environment  whose re la t ive  humidity i s  between 
50 and 70 percen t .  The re la t ive  humidity sha l l  never  exceed 50 percen t  
fo r  a t  l e a s t  12 hours  p r io r  to CRS turn-on.  

2 .  Change pa rag raph  4 . 1 0 .  3, p t o  r ead  a s  follows: 

WAS: P u l s e  r e sponse  (af ter  1 s  wa rm-up )  fo r  a l l  IPU engines:  

IS: Engines r e sponse  fo r  on- t imes  g r e a t e r  than o r  equal  to  
40 m s  and l e s s  than 500 m s  fo r  a l l  IPU engines: 

3. Change pa rag raph  4.  10. 3, p 2 to r ead  a s  follows: 

WAS: Signal t o  10 percen t  of peak pulse  t h r u s t  - 35 m s  

IS: Signal to  1 5  pe rcen t  of peak pulse  t h ru s t  - 35 m s  

4. Change pa rag raph  4 .  10. 3,  q t o  r e a d  a s  follows: 

WAS: The min imum impulse  bit . . . with min imum open 
commands  a s  specified in 4.  7.  3, i. 

IS: The min imum impulse  bit . . . with open commands  
of 40 m s .  

DISTRIBUTION: 

Lis t  No. 197 

REMARKS: I t em 1 pe r  ECR 362 30. 
I t ems  2 and 3 pe r  ECR 36163 
I tems  4 and 5 pe r  ECR 36241 
I tem 6 p e r  ECR 36290 

APPROVED: 

dfL"L @&+2$,&; p & c d  

-7 -fie* /. - / A \  



+ FUNCTIONAL REQUIREMENT AMENDMENT 

DESCRIPTION OF CHANGE: 

- 
TITLE: 

5. Change paragraph 4 .  7. 3, i to r ead  a s  follows: 

a )  In fourth line of paragraph,  change 40 m s  to  20 m s .  

- .. 

FR NO. MJS77-3- 100 

AMENDMENT No. 4 

PAGE 2 0 F  2 

DATE: 

PER ECR No. 

b) To end of paragraph,  add the following sentence: 

The maximum load on the IPU bat tery shal l  be two IPUs A/B 
and two IPU ro l l  REAs. 

6 .  Change paragraph  4 .13 .  3 ,  d to  r ead  a s  follows: 

In the fifth line: 

5 4 WAS: data shal l  not exceed 4 x 10 and, 10 bits for  r eco rd  r a t e s  

5 4 IS: d a t a s h a l l n o t e x c e e d 5 . 1  x 10 and, 3 x 10 b i t s f o r  
r eco rd  r a t e s  

-- 

APPROVED: 

-.P #.Am- / . a -  / A \  

DISTRIBUTION: REMARKS: 



+ F U N C T I O N A L  REQUIREMENT A M E N D M E N T  

DESCRIPTION OF CHANGE: 

- _z - 
TITLE: 

FUNCTIONAL REQUIREMENT 

MARINER JUPITER/SATURN 1977 

SPACECRAFT REQUIREMENTS AND CONSTRAINTS 

Add new pa rag raph  per  ECR 36391, to r ead  a s  follows: 

- - 

FR No. MJS77- 3- 100 

AMENDMENT No. 5 

PAGE A OF 1 

DATE: 11 October 1976 

PERECRNo. 36391 
- 

3 . 4 .  3 . 4  Encounters .  In o r d e r  to  protect  sc ience pla t form ins t ruments  f r o m  
the Saturn E Ring environment (based on 1976 r ing model) ,  during 
pas sage  through E ring the science pla t form s h a l l  be positioned with 
the L vector  ( ins t rument  look direct ion)  a t  l eas t  80 deg rees  f r o m  the 
direct ion of the  incoming par t ic les  t o  prevent  damage to  the optical  
ins t ruments .  (Refer  t o  618-505, Vol. IV; Section 11, Rule 
No. FR07B12. )  

DISTRIBUTION: I REMARKS: 

List  197 



4-3 F U N C T I O N A L  REQUIREMENT A M E N D M E N T  
I ( Inser t  in 6 18- 205, MJS77 Functional Requirements Book) 

TITLE: 

FUNCTIONAL REQUIREMENT 

MARINER JUPITER/SATURN 1977 

SPACECRAFT REQUIREMENTS AND CONSTRAINTS 

AMENDMENT No. 6 

1 PAGE - OF 1 
DATE: 3 January 1977 

1 PERECRNo. 36543 

DESCRl PTlON OF CHANGE: 

Add to paragraph 3 .4 .3 .4  the following: 

In o rde r  to protect the LECP detectors  f rom the Saturn E Ring environment 
(based on 1976 ring model) during passage through the E Ring, the LECP 
telescopes shall  be positioned such that their  0" - 180" axis  be maintained 
a s  close to perpendicular a s  i s  possible to  the direction of the incoming 
par t ic les .  This m a y  be accomplished by appropriate positioning of the 
L E C P  stepper motor .  

DISTRIBUTION: 

List  197 

REMARKS: 

APPRO ED- dfW-fiL v / p- . . 

vr  u 373- \&I-69) 



*> FUNCTIONAL REQUIREMENT AMENDMENT 
I ( I n s e r t  in  6 18- 205, MJS77 Functional  Requi rements  Book) - - - 

TITLE: 

FUNCTIONAL REQUIREMENT 

MARINER JUPITERISATURN 1 977 

SPACECRAFT REQUIREMENTS AND CONSTRAINTS 

AMENDMENT No. 7 

PAGE L O F  3 

DATE: 8 March  1977 

I PER ECR No. See R e m a r k s  

DESCRIPTION OF CHANGE: 

1 .  Change pa r ag raph  4 .10 .  3, e ) ,  page 36, to  r e a d  a s  fol lows: 

The impulse  bit de l ive red  by a TCAPU t h r u s t e r  when commanded open fo r  

10  m s  with a duty cycle  l e s s  than 0. 01 pe r cen t  when the N H inlet p r e s s u r e  2 4 
i s  350 p s i a  a t  7 0 ° F ,  sha l l  be 0.223 N-s (0.  005 lb f - s ) ,  max imum.  The pu l se -  

to-pulse  va r iab i l i ty  sha l l  be l e s s  than *15 pe r cen t  fo r  duty cyc les  l e s s  than 

0. 01 percen t .  

2 .  Change pa r ag raph  4 .  10.  3 ,  f ) ,  page 36, t o  r e a d  a s  follows: 

The t h r u s t  de l ive red  by the 0 . 2  lbf t h r u s t e r s  dur ing a s t eady-s ta te  f i r ing  shall  

be within *5 pe r cen t  of the m e a n  t h r u s t  f r o m  t h r u s t e r  to  t h r u s t e r  a s  follows: 

Maximum: 1 .  024 N (0 .23  lbf)  a t  350 p s i a  N2H4, p r e s s u r e  and 7 0 ° F  

F A  Maximum: 0. 356 N (0 .  08 lbf) a t  150 p s i a  N2H4, p r e s s u r e  and 7 0 ° F  

TA Maximum: 0. 325 N (0 .07 lbf) a t  150 p s i a  N2H4, p r e s s u r e  and 7 0 ° F  

3. Dele te  pa r ag raphs  4 .  10.  3, g )  and 4 .10 .  3, h ) ,  page 36, in t he i r  en t i re ty .  

4 .  Change pa r ag raph  4. 10. 3, i ) ,  page 37, to  r e a d  a s  fol lows: 

TCAPU pulse  r e sponse  under  any operat ing condit ions sha l l  be: 

1 )  F o r  F A  tes t ing:  

a .  Maximum chamber  p r e s s u r e  r i s e  t ime  : 

Signal t o  10  percen t  of pulse  peak t h ru s t  - 25 m s .  

Signal  to  90 percen t  of pulse peak t h ru s t  - 80  m s .  

b. Maximum chamber  p r e s s u r e  decay  t ime :  

Signal to  10 pe r cen t  of pulse peak t h ru s t  - 200 m s .  

DISTRIBUTION: ( REMARKS: I t ems  1 through 4 p e r  ECR 36624 

Lis t  197 

I t ems  5 and 6 p e r  E C R  36647 
I t em 7 p e r  ECR 36646 
I t em 8 p e r  ECR 36704 

APPROVED: 

A& &aw- 



MJS77- 3- 100 
Amend #7 
page - 2 of - 3 

4 .  (contd) 

2 )  F o r  TA tes t ing:  

a .  Maximum chamber  p r e s s u r e  r i s e  t ime :  

Signal to  1 0  pe r cen t  of pulse  peak t h ru s t  - 35 m s .  

Signal to  90 pe r cen t  of pulse  peak t h ru s t  - 140 m s .  

b. Maximum c h a m b e r  p r e s s u r e  decay  t ime :  

Signal t o  1 0  pe r cen t  of pulse  peak t h r u s t  - 1 . 2  s 

5 .  Change p a r a g r a p h  4.  10. 3, n) ,  page 37, to  r e a d  a s  follows: 

The t h r u s t  provided by a n  I P U  A o r  B engine sha l l  be - > 434 N (97.6  lbf) 
2 with a n  REA inlet p r e s s u r e  g r e a t e r  than 2 . 4 1  3 x l o 6  N / m  (350 ps ia ) .  

6. Change p a r a g r a p h  4 .10 .  3, o ) ,  page 37, to  r e a d  a s  fol lows: 

The t h r u s t  provided by a n  IPU r o l l  engine sha l l  be > 24 N ( 5 . 4  lbf) with an  - 
REA inlet  p r e s s u r e  g r e a t e r  than 2 .41  3 x 1 o6 ~ / m '  (350 ps ia ) .  

7. Change pa r ag raph  4.  10. 3, p ) ,  page 37, to  r e a d  a s  follows: 

1 )  Pu l se  r e sponse  (a f te r  1 s  wa rm-up )  f o r  IPU A o r  B engines:  

a .  Maximum chamber  p r e s s u r e  r i s e  t ime :  

Signal  t o  1 0  pe r cen t  of peak pulse  t h r u s t  - 30 m s  fo r  REA 
2 

inlet  p r e s s u r e s  g r e a t e r  than 2 .413  x l o 6  N / m  (350 ps ia ) .  

Signal  to  1 0  pe r cen t  of peak pulse t h ru s t  - 35 m s  f o r  REA 
6 2 . inlet  p r e s s u r e s  l e s s  than 2 .413  x 10  N / m  (350 ps ia ) .  

Signal t o  90 pe r cen t  of peak pulse  t h r u s t  - 50 m s  f o r  REA 
2 inlet p r e s s u r e s  g r e a t e r  than 2 .413  x l o 6  N / m  (350 p s i a ) .  

Signal t o  90 pe r cen t  of peak pulse  t h r u s t  - 55 m s  fo r  REA 
2 

inlet  p r e s s u r e s  l e s s  than 2 .41  3 x l  o6 N / m  (350 ps ia) .  

b. Maximum chamber  p r e s s u r e  decay  t ime :  

Signal to  15 pe r cen t  of peak pulse  t h r u s t  - 55 m s  fo r  REA 
2 inlet  p r e s s u r e s  g r e a t e r  than 2 . 4 1 3  x l o 6  N / m  (350 ps ia ) .  

Signal  t o  15 pe r cen t  of peak pulse  t h r u s t  - 90 m s  f o r  REA 
2 in le t  p r e s s u r e s  l e s s  than 2 . 4 1  3 x 1 o6 N / m  (350 ps ia ) .  



MJS77-3-100 
Amend #7 
page - 3 of 3 

7. (contd) 

2 )  Pu l s e  r e sponse  (a f te r  1 s w a r m - u p )  fo r  Roll  engines :  

a .  Maximum chamber  p r e s s u r e  r i s e  t ime :  

Signal to  10  pe r cen t  of peak pulse t h ru s t  - 25 m s  f o r  REA 
2 

inlet  p r e s s u r e s  g r e a t e r  than 1 .724  x l o 6  N / m  (250 ps ia ) .  

Signal  t o  90 pe r cen t  of peak pulse  t h r u s t  - 35 m s  fo r  REA 
2 

inlet  p r e s s u r e s  g r e a t e r  than 2 .413 x l o 6  N / m  (350 p s i a ) .  

Signal  to  90 pe r cen t  of peak pulse  t h r u s t  - 40 m s  fo r  REA 
6 2 

in le t  p r e s s u r e s  l e s s  than 2 .413  x 1 0  N / m  (350 ps ia ) .  

b. Maximum chamber  p r e s s u r e  decay  t i m e :  

Signal to  15 pe r cen t  of peak pulse  t h r u s t  - 40 m s  f o r  REA 
2 

inlet  p r e s s u r e s  g r e a t e r  than 2 . 4 1  3 x 1 o6 N / m  (350 p s i a ) .  

Signal  t o  15  pe r cen t  of peak pulse  t h r u s t  - 55 m s  f o r  REA 
2 in le t  p r e s s u r e s  l e s s  than 2 .413  x l o 6  N/rn (350 ps ia ) .  

8. Change p a r a g r a p h  4. 12 .  3 ,  b) ,  page 39, t o  r e a d  a s  follows: 

The magne tomete r  boom deployment r a t e  sha l l  be within the range  

0 . 1 3  m / s  to  0. 037 m / s .  



% - 

: 
B F% Be. >iEsy> 5- f 66 Pmction Requi~risnt 

Mriner Sqiter/Satum 1979 1 A M B R D ~ E ~ ' T  ga. 8 
Spacecraft Req~renents md Cesnsstraints 4 I p n o s 1 ~ ~  1 - 

1 
1 gcn ~JO.  See Wemar& 

1. 111 paragraph 4 .2 .3  change ' W A P 9 t o  "trmsmitter@' in  four places. 

2.  In paragraph 4 . 2 . 3  c )  add the following after the first sentence: :@(The 
aleemate X-bmd trmsmitter does not have a law p m r  made,jqs 

3. Add t o  item h) to paragraph 4 . 1 - 3  a e  follows: 

tlAreas of *&e he that may be viened by ehe IRIS 2 .So st1;nylight AjV during 
the perfommce of blocks SS2 (Science hrgef Calibraticn) wd 5-53 (Bretvseer 
Plate Calibmtion) a ~ f :  krr be made won-ref1 ctive in su& a way &%at '&ere 2 w i l l  not be, effectiwly, no= ~m 0-4  rn of totally mflective surface 
in the FW at  my timee The a r e s  are sAm in Fiwre 28 of WS77-3-l80Eev' 

6 .  Add new parapaph 4 .I. 3f as Trr711~ds 3 9'j) The s%racPa~e sFiall p r o ~ d e  for ins?:a~%- 
laeim of the Voyager RecordOpp 
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1 .0  SCOPE 

This  document es tab l i shes  the s y s t e m  level  e l ec t r i ca l  in te r face  
c i rcu i t s  between: 

a )  Two different spacecraf t  subsystems.  

b) Two e lec t ron ic  packages of the s a m e  spacecraf t  subsys tem 
which a r e  not contained within the  s a m e  bay. 

c )  A spacecraf t  subsys tem and the  Centaur.  

d )  A spacecraf t  subsys tem and the  launch complex equipment, 
through the umbilical  connectors.  

Di rec t  a c c e s s  c i rcu i t s  and non-flight c i rcu i t s  a r e  not contained in  
th is  document. These  c i rcu i t s  a r e  defined o r  re fe renced  in  
MJS77-3-1110, Support Equipment Functional Block Diagram.  
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FUNCTIONAL DESCRIPTION 

G e n e r a l  

T h i s  func t iona l  r e q u i r e m e n t  i s  t h e  def in ing  d o c u m e n t  f o r  a l l  s y s t e m  
l e v e l  i n t e r f a c e  c i r c u i t s .  Only t h o s e  s y s t e m  l e v e l  i n t e r f a c e  c i r c u i t s  
ident i f ied  in  t h i s  d o c u m e n t  s h a l l  b e  m e c h a n i z e d  in  t he  s y s t e m  cabl ing .  

T h e  c i r c u i t  n a m e  u s e d  in  t h i s  d o c u m e n t  i s  t h e  a p p r o v e d  c i r c u i t  
i d e n t i f i e r  and  i s  t he  only  n a m e  by wh ich  t h e  c i r c u i t  i s  t o  b e  r e f e r e n c e d  
o n  s c h e m a t i c s ,  c i r c u i t  d a t a  s h e e t s  and a l l  o t h e r  MJS77 P r o j e c t  
documen ta t ion .  

T h e  b a s i c  i n t e r f a c e s  a r e  a s  i nd ica t ed  i n  F i g u r e  1. T h i s  d i a g r a m  
d o e s  not ident i fy  t h e  s p e c i f i c  c i r c u i t s  i n  all of t h e  i n t e r f a c e s .  F o r  
t h e  c o m p l e t e  def in i t ion ,  t h e  i n t e r f a c e  l i s t i n g  p r e s e n t e d  in  T a b l e  1  
should  b e  consu l t ed .  

3. 2  N o m e n c l a t u r e  

3.2.  1  C i r c u i t  N a m e  

E a c h  c i r c u i t  i s  a s s i g n e d  a  n a m e  d e s c r i p t i v e  of t h e  c i r c u i t  func t ion  
wi th in  t h e  s p a c e c r a f t .  T h e  l eng th  s h a l l  not e x c e e d  32 c h a r a c t e r s  
a n d  s p a c e s .  S p a c e c r a f t  c o m m a n d  c i r c u i t s  a r e  i den t i f i ed  b y  t h e i r  
c o m m a n d  n a m e  as de f ined  i n  MJS77-3-290,  C o m m a n d  S t r u c t u r e  

a n d  A s s i g n m e n t s .  No two  c i r c u i t s  s h a l l  h a v e  t h e  s a m e  n a m e  u n l e s s  , 
t h e y  a r e  t h e  s a m e  funct ion.  

3 . 2 . 2  C i r c u i t  N u m b e r  

E a c h  c i r c u i t  is un ique ly  n u m b e r e d  w i t h  a c i r c u i t  n u m b e r .  T h e  
c i r c u i t  n u m b e r  is c r e a t e d  b y  a t t a c h i n g  t o  t h e  i n t e r f a c e  n u m b e r  
a n  a l p h a n u m e r i c  suff ix ,  as fo l lows:  

0 0 2 i 0 0 3 - 1  oT 

I n t e r f a c e  N u m b e r  

Alpha  c h a r a c t e r ,  having t h e  fo l lowing  
s ign i f i cance :  

a )  If not  p r e s e n t ,  d e n o t e s  t h a t  t h e  c i r c u i t  i s  t o  
be  d e s c r i b e d  in  a r e g u l a r  c i r c u i t  d a t a  s h e e t  

b )  If a  l e t t e r  o t h e r  t han  X ,  i n d i c a t e s  c i r c u i t  
i s  d e s c r i b e d  in  a m u l t i - c i r c u i t  d a t a  s h e e t .  

c )  If the  l e t t e r  i s  X ,  i n d i c a t e s  t h a t  t h e  c i r c u i t  
w i l l  NOT be d e s c r i b e d  i n  c i r c u i t  d a t a  s h e e t s .  

C i r c u i t  n u m b e r  i n  t h e  i n t e r f a c e .  1 

In t h i s  c a s e ,  t h e  s e c o n d  c i r c u i t  i n  t h e  002-003 i n t e r f a c e .  



I / SCl COMMANDS 

I I I 1 

PYRO/TCAPU/CCS ARM 
** PRE-S'ET INTERRUPT 

(CCS INITIATE) 
***  SEQUENCE SYNC 

Figu re  1. MJS77 In te r subsys tem Functional  Block Diagram 



3 . 2 . 2 . 1  I n t e r f a c e  N u m b e r .  T h e  i n t e r f a c e s  a r e  n u m b e r e d  i n  a s c e n d i n g  
n u m e r i c a l  o r d e r ,  i n  a c c o r d a n c e  w i t h  t h e  fol lowing code:  

E x a m p l e  

S u b s y s t e m  ' number  of o n e  of t h e  i n t e r c o n n e c t e d  
s u b s y s t e m s ,  i n  t h i s  c a s e ,  t h e  r a d i o  f r e q u e n c y  
s u b s y s t e m  ( N u m b e r  i s  s h o r t e n e d  f r o m  2002)  

N u m b e r  of t he  o t h e r  s u b s y s t e m .  
( N u m b e r  i s  s h o r t e n e d  f r o m  2003)  

T h e  s u b s y s t e m  n u m b e r  of l o w e r  n u m e r i c a l  r a n k  is a l w a y s  p l aced  
f i r s t .  T h u s ,  t h e  n u m b e r i n g  is 002 - 003,  not  003  - 002. T h e  end  
e q u i p m e n t  d e t e r m i n e s  t h e  a d d r e s s i n g ,  not  i n - l i ne  e q u i p m e n t  s u c h  
as junct ion b o x e s  w h i c h  m e r e l y  f eed  t h r o u g h  t h e  s igna l .  

3 .2 .2 .  1. 1  S u b s y s t e m  N u m b e r .  S u b s y s t e m  n u m b e r s  are de f ined  i n  
MJS77-  1 - 100, In t roduc t ion , and  are p a r t i a l l y  r e p r o d u c e d  
below: 

N u m b e r  

2 00  1 
2 002 
2003  - 
2 004 
2005 
2006 
2007 
2008  
2009 
2010 
2011 
2012 
2016 
2017 
2021 
2022 
2023  
2025 
2 02 7 
2032 
2034 
2035 
2036 

Subsys  t e m  

S t r u c t u r e  
Rad io  f r e q u e n c y  
Modula t ion  d e m o d u l a t i o n  
P o w e r  
C o m p u t e r  c o m m a n d  
F l i g h t  d a t a  
At t i tude  and  a r t i c u l a t i o n  c o n t r o l  
P y r o t e c h n i c  
Cab l ing  
P r o p u l s i o n  
T e m p e r a t u r e  c o n t r o l  
M e c h a n i c a l  d e v i c e s  
D a t a  s t o r a g e  
S I X  band a n t e n n a  
C o s m i c  r a y  
P l a n e t a r y  r a d i o  a s t r o n o m y  
Plasma w a v e  
L o w  e n e r g y  c h a r g e d  p a r t i c l e  
P h o t o p o l a r i m e t e r  
P l a s m a  
U l t r a v i o l e t  s p e c t r o m e t e r  
M a g n e t o m e t e r  
I m a g i n g  s c i e n c e  
I n f r a r e d  I n t e r f e r o m e t e r  S p e c t r o m e t e r  
and R a d i o m e t e r  
Modif ied  I n f r a r e d  I n t e r f e r o m e t e r  
and  R a d i o m e  t e  r 
(Appl icable  s u b s y s t e m  L C E )  

Abbrev ia t ion  

STRU 
R F S  
MDS 
P W R  
C C S  
F D S  
AACS 
PY R O  
C A B L  
P R O P  
TEMP 
D E V  
DSS 
SXA 
CRS 
P R A  
P W S  
L E C P  
P P S  
P L S  
UVS 
MAG 
ISS 

IRIS 

MIRIS 

XXX L C E  .*, 
"'"2" i n  t he  s e c o n d  pos i t i on  ( e .  g . ,  2207)  d e n o t e s  l aunch  c o m p l e x  equ ip -  

m e n t  ( L C E ) .  In  t h e  e x a m p l e  shown ,  2207 d e n o t e s  A A C S - L C E .  
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3. 3 Interface Listing 

All c i rcui ts  a r e  specified in Table 1 .  Each interface i s  identified with 
a heading, e .  g. , PWR - PYRO, followed by a listing of a l l  c i rcui ts  
making up the interface.  

a) The circui ts  identified herein support the requirements of 
MJS77-2-100, Spacecraft Design Cr i t e r i a ,  and MJS77-3-100, 
Spacecraft Requirements and Constraints.  

b) Basic requirements for  e lectr ical  interface circui ts  a r e  contained 
In MJS77-3-260, Electr ical  Grounding and Interfacing. 

c) Specific system level requirements fo r  MJS77 system electr ical  
interface circui ts  a r e  contained in the applicable circuit  data shee ts .  
See J P L  Drawing 10063288, Circuit  Data Sheet Index and Guide. 

d) Specific system level requirements for inter-system electr ical  
interface circui ts  a r e  contained in 618-217, Mariner  Jupiter1 
Saturn 1977 Spacecraft to Launch Vehicle System, lnterface 
Control Document. 

e) System circui t  redundancy i s  specified at  the end of the circuit  
name in Table 1 with the charac ters ;  X R .  This shal l  be included 
in the 32 charac ter  l imit  for each circui t  name. 

3. 3. 1 Item 

A l l  entr ies  a r e  numbered sequentially for  quick reference.  Note 
that additions or  deletions to the l i s t  resul t  in item number changes 
for a l l  subsequent l ist ings.  

3. 3 . 2  Flow 

> Signal Flow i s  to the right,  relative to the Interface Number 
(Sub - Sub). 

< Signal Flow i s  to  the left. 

- Signal Flow may be in either direction 

Example: 

004-005 < F r o m  005 to 004 
004-005 > F r o m  004 to 005 

3. 3. 3 Using the Interface Listing 

The method of using the table i s  i l lustrated by an example: To locate 
the listing of c ircui ts  between the radio frequency subsystem and the 
power subsystem: 

a )  Determine f rom the l is t  in paragraph 3 .2 .2 .1 .1  that the reference 
number of the radio subsystem i s  002 and that the reference 
number of the power subsystem i s  004. 



b)  Reca l l i ng  t h a t  t h e  o r g a n i z a t i o n  i s  n u m e r i c a l ,  f ind t h e  002-004 
i n t e r f a c e  ( R F S - P W R )  w h e r e i n  all c i r c u i t s  f o r m i n g  t h i s  i n t e r -  
f a c e  a r e  l i s t ed .  



I T E M  S U B  SIJB NO FLOW C I R C t J I T  NAME 

I T E M  NLIMHERS 1 THRIJ  6 L I S T F U  RFLOW 
ARE C I f ? C U I T S  C O N N E C T I N G  A C C E L  TN 
A D A v r E R  ( L F F T  COLUMN) T O  A C C E L  AMP 
I N  ADAPTER ( R I G H T  COLIJMN) 

1. 001-0~11-WtIl ) ACCEL 1 O U T P l t T  

2. 001-001-W02 ACCEL 2 O U T P I J T  

3'0 001-0U1-~03 > A C C E L  3 O U T P t l T  

4. OCl-C1Ul-W04 ) ACCEL 4 OUTPOT 

5 .  00100Ul-b!05 > A C C E L  5 O U T P I I T  

6 001=O~I1 -~06  ACCEL 6 O U T P t J T  
I T E V  NIJMREP 7 L I S T E D  BELOW 
I S  A C T R C U T I  COr lNECTTMG ACCFI, Jr\J 
MM ( L E F T  COLUWN) AND ACCEL AMP I F 1  
A D A P T F R  ( R I G H T  COLUMN) .  

7. 001'@[J1-~07 A C C E L  7 OUTPUT 

STRU - PWR 

@ - 0 4 - 3  3 o V D C  5 C A N  P L A T F O H M  FllPP Y T R  

9 .  001-004-1131 2.4KHZ PWH r 0  R A Y  1 HTR 

1 0 0  001-004-(132 ( 2.4KHZ PWR 10 R A Y  2 HTP 

11. 001'004-1~33 c 2.4KHZ PWR TO R A Y  6 A HTR 

120 001-004-1~34 ( 2.4KHZ PWH TO R A Y  6 S H T R  

13. Ogl-flU4-n22 < 3 0 V D C  PWR TO MAG C A L  C O I L  

.I. 

'"Revised in  its e n t i r e t y .  



TABLE 1, LLCCTRICAL INTERFACE CIRCIJTTS 
MJS77 ( C O N T  1 

ITEM SUB SOB NO FLOW CIRCCJIT NAME 

STRU o F DS 

1 001-006- 0 1  > TLM RAY 1 TEMP 

1 5 0  001-006- 02 > TLM 9 A Y  3 TkMP 

16. 001-0r16- 03  > TLM R A Y  5 TEMP 

17. 001-006- 04 > TLM R A Y  7 TEMP 

1 8 0  001-OUb- 05  > TLM R A Y  9 TEtflP 

1 9 0  041-006- 06 > TLM R A Y  2 TtMP 

2 0 0  001-006- 07 > TLM R A Y  4 TkVP 

210 OQl-OUb- 08 > TLM R A Y  6 TEMP 

220  001-Ooa- 09 > TLM R A Y  R T t M P  

2 3 0  001-006- 10 > TLM H A Y  1 0  TFMP 

STRU - LVS 

24,  OOl-LVS-wOl > ACCEL AMP 1 OIITPIlT 

ACCEL AMP 2 Cll!TPl~l 

ACCEL AMP 3 OUTPlJl 

ACCEL A M P  4 OtJTPII I 

ACCEL AMP 5 PIJTPIlr 

ACCEL AMP 6 OtITPIlI 

ACCEL AMP 7 CIIITPtII 

ACCEL AMP 1 PWR 

ACCFL AMP 2 PWR 

fperalta
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TABLE 1. ELECTHICAL INTERFACE CIRCLIlTS 
PJS77 (COPIT 1 

I T E M  SUB 5UR NO FLOW CIRCIJIT NAME 

STRU - LVS 

33. 00l;LVS-~13 ACCEL AVP 3 PWR 

34. 001'LVS-~14 ACCEL AMP 4 PWR 

35. OQ~-LVS-WLS < ACCEL AMP 5 PWR 

36. 001-LVS-W16 ACCEC AMP 6 PWR 

370 0 0 1 - L V S - ~ 1 7  ACCEL AMP 7 PWR 

RFS - R F  S 

ITEM NlJVBER5 38 THPIJ 7 5  LTSTFU PFLOW 
ARF CIRCUITS CONNECTING XPONOER 
BAY Y ( t - F F T  COLUMN)  AND TWTA RAY 1 
(RIGHT COLIJMN) WITH THE RFS IJNTTS 
DENOTE@ I N  IHE CIl4COIT NAME. 

38. 002-0U2- 0 1  2 R C V P  C53 CW* CS4 CCW URiXR 

39. 002-002- 02 > HCVP CS3 CCWr CSk CW OPiXR 

41. 002-0U2- 0 4  > XWTH SW CS1 C W t  CS2 CCF DSSXP 

4 002'0u2- 07 < 5-RAND SSA 2 XMTR SW I \P 



TABLE 1. ELECTRICAL INTERFACE CIPCUITS 
MJS77 (CONTI 

I T E M  SUB ctJB NO FLOW CIRCUIT NAr4E 

HFS - HFS 

002-002- 12 < S0TWTA/SSA H I / L O  PWR STAT 

002-002- 14 < X-TWTA H I / L O  PWR STAT 

002-002- 16 S-TWTA 1 BASE TEMP 

002-002- 17 < S-BAND SSA 2 RASF TEMP 

002-002- 18 < X-TWTA 1 BASE T E W  

002-002- 19 X-TWTA 2 HASF TEMP 

002'002- 2 0  < X-TWTA 1 R F  MONITOR TFPP 

n02-002- 2 1  X-TWTA 2 HF MONITOR TEMP 

062-002- 2 2  S-TWTA 1 TEMP SW UR 

002-f l02- 33 S-BAND SSA TEMP 5W DR 

002-1702- 24 < X-TWTA 1 TEMP sw IJR 

002-0U2- 35 < X-TWTA 2 TEMP SW UR 

002AOU2- 36 < S-TWTA 1 INTFPRIJPT PWY ENAHLF 1 

oo2-nu2- 37 c 5-BAND SSA INTEHPUPT ~ ' W R  ENARIE 1 

002-0U2- 78  S-TWTA 1 RF LEVEL 

002-0U2- 29 S-TWTA 2 HF LEVFI, 

062-002- 30  S-EX RF LEVEL 

66. 002-002- 31 5-TWTA RF DH ~ O N J ~ O P  

67. 062-002- 32 S-LGA RF OH MONITOP 

68. 002-002- 33 S-HGA RF DR MONITOR 

69. Ob2-002-X35 > S-EX 1 RF TO F I L T L R  t-+YpRI!l 



T A B L E  1. E L E C T Q I C A L  IPJTERFACE C I R C l l T T S  
M J S 7 7  ( CONT 1 

I T E M  SUR SUB NO FLOW C l R C C l I T  NAME 

P F S  - RFS 

70. 002-002-~36 S-EX 2 R F  T O  F I L T t R  HYpRIP 

71. 0 0 2 - 0 U 2 - X 3 7  > X-HYBRIP T O  X-RANU TWTA 1 

72. 0 0 2 - 0 0 2 - Y 3 8  > X-HYRRID T O  X-RAY[) T Y T A  2 

73. 0 0 2 - 0 0 2 - X 3 9  Hk SW T O  RCVR 1, 'JPLIb'K SIG 

74. 0 0 2 - 0 t ) 2 - X 4 0  R k  SW T O  R C V R  2 t  UPLTF lK  S f 6  

HFS - 
75. 002-nu3- 

76 .  0 n 2 - O U 3 -  

77.  002-003- 

78, 002-003- 

79.  0 0 2 r O U 3 -  

80 002iOf13- 

81. 0 0 2 - 0 0 3 -  

82. 002-005- 

83.  002-no3- 

84. 002-005- 

8 5 .  9 0 2 - 0 0 3 -  

86. 0 0 2 - 0 0 3 -  

MDS 

> C M P S T  C M O t  

> C M P S T  C M 9 t  

> C * P S T  C M n t  

> C Y P S T  C M 9 t  

( C M P S T  T L V v  

( C M P S T  T L W t  

C C M P S T  T L M ,  

( C Y P S T  T L V t  

( C M P S T  T L M t  

C C M P S T  T L R I ?  

C CMPST T L M t  

< C M P S T  T L u t  

HCVRl 

H C V R l  

H C V Q 2  

H C V Q 2  

TMU-4 

TMt1-q 

TPqI J-A 

1 MI  I-A 

TMIJ-A 

1 MI I-n 

1 M L I - A  

f u l l - R  

CnU-A  

C n l l - H  

C I Y  I-A 

Cf'U-R 

S-PANO 

S-RANI, 

S-RANI) 

5 - P A N n  

Y-RAN'7 

Y-RANq 

X - P A N n  

X - R A N n  

H F S  - PW9 

87. OfI2=0fJ4-(5Ol 5 l l V D C  U P I S W I T C H E D  PWR TO A C I S  



TABLE 1, ELECTRICAL INTERFACE CIRCUITS 
MJS77 (CONTI  

HFS - 
88. 0 0 2 - 0 o 4 - ~ 0 2  

89. 002-004-003 

90. on2 -ow-oou  

91. 002-004-005 

9 2 e  0 0 2 - 0 0 4 - ~ 0 6  

93. 002-004-007 

94. 002-004-008 

95; 002-004-009 

96. 002-0(J4-810 

9 7 e  002-004-O11 

RFS - 
98. 002-005- 

99. 0 0 2 i 0 0 5 -  

1 0 0 0  042-005- 

101. 062-005- 

102, 002-005- 

103. 002-005- 

1 0 4  002-005- 

105. 002=0(J5- 

106, 0 0 2 i 0 0 5 -  

PWR 

c jrlvnc 

3OVDC 

C 3UVDC 

3OVDC 

3UVDC 

< 30VDC 

< 3OVDC 

< 3nvnc 

C 3OVDC 

3UVDC 

PWR TO R C V P  1 

PWP TO RCVR 2 

PWR TO S-PAND FX 1 

PWH T O  5-RAND EX 2 

PWP TO Y-BbND EX 1 

PWR TO X-RAND EX 2 

PWR TO Y-RAND TWTA 1 

PWR TU X-BAND TWTA 2 

PWR TO S-RAND TWTA 1 

PWR TO S-RAND SSA 2 

CCS 

c S-RAND TWT/SSA H I  PWRtOUltXR 

( S-RAND TWT/SSA HT PWRtOtJ2tXP 

< S - B A ~ ~  TWTISSA L O  PWRtOUIIXR 

( S-BAND TWT/SSA L O  PWRvOC121XR 

( X-BAND TWT H I  PWR*OUlIXR 

c X-BAND TWT HI PWP*OlJ2IXR 

< X-RAN0 TWT L O  PWR'OIJIJXR 

( X-RAN@ TWT L O  PWR*OU2IXR 

> S-EX PWR OUTPUT TNTERHUPTtXP 



T A R L t  1. E L t C T P l C A L  I N T E R F A C E  C I R C l l T T S  
MJS77 (COFIT 

I T E M  SIJB SUB NO F L O W  C I R C l l I T  N A M E  

HFS - C C S  

107. 0 0 2 ' 0 0 5 -  10  ) X-EX PWP OUTPIJT  T N T F R R t I P T t X R  

108, 0 0 2 - 0 0 5 -  11 > 5 -TWTA PWS OCITPIJT I N T F P R U P T t X w  

109. 0 0 2 - 0 0 5 -  12 > X-TWTA PWR OLITPIJT I N T F R P I J P T t  X w  

110. 0 0 2 - 0 0 5 0  13 < I i (+A S E L F C T t O I J l I X P  

Ill. 0 0 2 - 0 0 5 -  14  HGA S F L F C T t O I J 3 ; X P  

112. 0112-005 -  15 < L G A  S F L E C T t O l j l i X R  

113. 0 0 2 - 0 0 5 -  16 ( LGA S E L E C T t 0 1 1 3 i X R  

114. 0 0 2 - O U 5 -  17 ( 050 0 N t C ) I J l ; X P  

115. 0 0 2 - 0 0 5 -  18 ( 050 O N t 0 1 J 2 i X H  

116. 0 0 2 - 0 0 5 -  19 < U 5 O  O F F t O U l i X R  

117. 0 0 2 - 0 0 5 -  PI1 ( US0 O F F t O I J 2 ; X P  

118. 0 0 2 - @ o 5 -  2 1  < TWO-WAY rJON-COHFPtMT O \ ' t O ( j l  i X p  

1190 0 0 2 - 0 0 5 -  22 ( TWO-WAY hJON-COHFotNT  O h l t O t j 2 t Y W  

120. 0 0 2 - O U S -  73 < TWO-WAY PION-COHFPtNT n F F e O U 1 1 X H  

121. n n 2 - f l U 5 -  24 ( TWO-WAY NON-COHEPLFIT O F F t O U 2 t X P  

122. 0 0 2 - f l t 1 5 -  25 S-RANI3 R A N G I N G  O b l @ O U l ; X R  

123. 002-005- 26 ( 5-HPNO R A N G I N G  O N t O U 2 i Y R  

124. 0 0 2 - 0 0 5 -  27 S-PPWP Q A N G I N G  O F b t O U Z i X P  

125. n 0 2 - 0 U 5 -  38 < S-RANI, Q A Y G I M G  O F k t 0 1 1 7 t X P  

126. 0 0 2 - 0 0 5 -  29 < X-RAND RANGIFJG O P ! t O l l l ~ X H  

127. 002-005- 30 < X - R A N n  R A N G I N G  O P I f i O I J 2 I X P  



TABLE 1. ELECTRlCAL INTERFACE CIRC\JITS 
MJS77 (CONTI 

I T E M  SllR SOH NO FLOW CIRCUIT NAME 

RFS - CCS 

128. 002-005- 31 < X-BANn RANGING OFFrOU11XR 

129. 002-005- 32 X-BAND RANGItlG OFFt0112IXR 

HFS - FDS 

00200U6- 0 1  lQo4KHZt  SBX RANn TWTfi/SSA 

002-006- 02  > TLM X-RAYD TWT CAlHOnF CUR 

002-006- 03  > TLM X-RAND 7WT RE($ V 

002-006- 0 4  > TLM X-BAND HGA DR 

002-006- 05 > TLM X-SAND TWT HELIX CUR 

002-0(16- 06 > TLM S-TWT CATHOOF/SSA INPtJT CllH 

Qf)2-006- 07 > TLM S-RAND TWT/SqA PEG V 

002-006- 0 8  > T1.M S-RAND TWT HFLIX CUR 

002-OU6- 0 9  < 50.4KHZe SEX-1, XEX-1, 8 RCVP 1 

002-0Ub- 10 5(1*4KHZ, SEX-2, XEX-2, 8 RCVR 2 

002-006- 11 > 14.4KHZ STATUS SHIFT CLOCK 

002-606- 1 2  < RFS STATUS 1 WORD GATT 

002A006- 1 3  RFS STATUS 2 WORn GATE 

OC)2-0116- 14  > TLM PFS STATUS 1 OUTPIJT 

002-006- 1 5  T L M  RFS STATUS 2 OUTPI-IT 

002'006- 16 > TLM X-RAND HYSRID TEMP 

0n2-006- 1 7  > TLM PCVR VCO TEMP 

fperalta
Highlight



TARLE 1, E L E C T Q I C A L  I F I T E R F A C F  C I P C I J I T S  
bIJ577 (CVFIT 1 

I T E M  SClB SC'B NO FLOW C IRCI.JIT NAME 

RFS - FDS 

062-006- 19 > T L M  AUX OSC TFMP 

002-00b- 19 > T L M  X-RArID LX TEFJp 

0 0 2 - 0 [ l b -  20 > T L M  5 - R A N D  T W T / S 5 A  R A S E  T F v P  

O n 2 - 0 0 6 -  21 > T L V  I(-HAFID TWT 9ASE T F V P  

0 0 2 - 0 o b -  22 > T L V  X-RAND H F  M O M I T O F  T E M P  

0 0 2 - 0 [ 1 6 -  2 3  > T L M  X-RAND E X  C U P  

002-006- 24 > T L M  WCVR L O  @R 

0 n 2 - 0 0 6 -  25 > T L M  R C V R  1 AGC;XR 

0 0 2 - 0 U b -  36 > T L M  P C V R  1 OP 2 VCO V C O A Q S F  

0 0 2 - O U b -  37 > T L M  S - P A N 0  E X  ClJn 

0 0 2 - n u b -  28 > T L M  P C V R  2 A G C r X R  

0 0 2 - 0 0 6 -  29 > T L M  R C V R  R A N G I N G  AGC V 

0 0 2 - O U 6 -  30 > T L M  R C V R  1 O P  2 \ l C 0  \I FTFlF 

0 6 2 - O U 6 -  3 1  > T L M  RCVR CUK 

0 0 2 - O U b -  32 > T L M  S - R A N D  HGA D P l V E  

0 0 2 - O U 6 -  33 > T L M  X-RAND TWT DDIVE 

0 0 2 - 0 0 6 -  34 > TLM S-PAND T W T  no 

0 0 2 - 0 U b -  35 T L P  L G A  OR 

0 0 2 - 0 0 6 -  36 > T L M  US0 I N N t P  O V F N  CUR 

002-nub- 37 > T L V  S-RAND H Y n R I n  TEh!p 

0 0 2 - n U 6 -  38 > T L P  YMTR R F  SW TFPP 

fperalta
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TARLE 1, ELECTRICAL INTERFACE C IRCIJ ITS  
MJS77 (CONTI 

I TEM SlJB SUB FJO FLOW CIRCUIT NAME 

RFS - SXA 

168.  0 0 2 - 0 1 7 - ~ 0 1  - L G A  S-RAND SIGNAL 

169. 002-n l7 -XO2 - HGA S-RAND SIGNAL 

170.  0 0 2 - 0 1 7 - ~ 0 3  > H6A X-RAND TWTA 1 

171.  002 -01  1-~f lY > HGA X-RAND TWTA 2 

HFS - RFS LCE 

172.  002-2u2-%01 - LGA PREC COUPLER S-RAP,!@ 

173. 002-202-XO2 - HGA PREC COUPLER S-R6YD 

MnS o PWH 

1 7 4  003-004-FOl  2e4KHZ PWH '10 TMII-A 

175.  003-004-pO2 < 2.4KPZ PWR TO fMll-H 

176.  OQ3-0UY-PO3 < 2.4KHZ PWH To CDU-A 

177. 003-004-nO4 ( 2*41(HZ PWR 10 Cnll-R 

MDS - CCS 

178.  0t73-005- 0 1  > CIJU-A COMMAND DATAPXR 

179.  003-005-  02 > CI)U-4 R I T  TIMIrJGeXR 

180. 0 0 3 - n o ~ -  0 3  > c r w - 4  LOCK IN~ICPTIOMPXR 

181. 003-005-  0 4  > C1)U-€3 COMMANn DATApXR 

182.  O@3-OLJS0 05  > CC)IJ-H B I T  TIV INGPXR 

183. 003-005-  0 6  > CL'U-R LOCK INPICP 1 IONPXR 



TARLE 1. ELECTRICAL INTERFACE CIHCIJITS 
M J S 7 7  (COb?T 1 

I T E M  SUB SUH NO FLOW CIRCUIT NAVE 

MDS - CCS 

184. 003-005-  0 7  ( CC ENABLE TO TlvlUiXR 

185.  003-005-  0 8  ( C C  STRORE TO TMUtXR 

186. 003-005-  0 9  ( C C  DATA TO TYUiXR 

MDS - 
003-006-  

003-006-  

003-006-  

003-006-  

003-006-  

003-OUb- 

003-006- 

003-006-  

003-006-  

003-()06- 

003'006- 

003-006-  

063-006-  

003-006-  

003-006-  

003-OU6- 

FDS 

0 1  < TWU-A SYYROL SYYC 

0 2  < HIGH RATE CHAhlNEL DATA TO TMIJ-P 

03 LOW RATE CHAhlNEL UATA TO T'VlU-P 

0 4  < TMU-A 14a4KHZ S t t IFT  CLOCK 

0 5  TWU-A STATUS WORP GATF 1 

0 6  TMU-A STATUS WORP GPTE 2 

0 7  > TMU-A STATUS PATP 

0 8  < TMU-R SYMHOL SYNC 

0 9  HIGH RATE CHPFlNEL DATA TO TLnII-I3 

10 < LOW RATE CHANPIEL IIATA TO TMIJ-F 

11 ( TMU-P 14a4KHZ SHIFT  CLOCK 

12 TMU-B STATUS WORn GATF 1 

1 3  ( TMU-B STATUS W09P GATF 2 

14 > I M U - R  STATUS nATb 

1 5  TWU-R ACTIVE I IN IT  Ih'n 

1 6  > Cf)U-A SlJRCAHRIER LOCK 

fperalta
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TABLE 1, ELECTRICAL INTERFPCE CIRCUITS 
MJS77 (CONT 1 

ITEM SUB SUB NO FLOW CIRCUIT NAVE 

MOS I) FDS 

2 0 3 0  003-006- 1 7  > CLNJ-A P I T  SYNC LOCK 

204, 003-006- 18 > CDU-A OSC MONITOR 

20s. 003-no6- 19 > CUU-A SNH DATP 

206. 003-006- 20  > CUCI-A SNR ALERT PIJLSF 

207. 0 n 3 ~ n u 6 -  21  > CUCJ-A SNR CLOCK 

208. 003-006- 22  > C1)U-0 SURCAHRIER LOCK 

209. 003-006- 2 3  > CUIJ-R R I T  SYNC L O C K  

210. 003-006- 24 > C!)\l-R OSC MOPITTOR 

2 1 1 0  003-0I16- 25 > CIJIJ-P SNH DATA 

2 1 2 0  003-nO6- 36 > ClVJ-9  Sblp CLOCK 

2 1 3 0  Ofl3-flU6- 27 > CIIU-H SNY ALFRT POLSF 

2 1 4 0  ObJ-RU6- 28 > CUU-R ACTIVP. \ IN IT  INn 

MnS - CARL 

215. 003-009- 0 1  ( Tcnll-A X-DANU IlMR 4PP (10FITRf'L 

216. O C I ~ A ~ U Y -  02  < TMU-R X - ~ A N U  IJMR APP CONTROL 

MDS ... vns LCE 

217. fl03-2u3-C01 ) COMPOSITE TLM SICNAL 

fperalta
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TARLE 1. ELECTRICAL INTERFACE r l R C 0 T T S  
MJS77 (COhITl 

I T E M  St16 SlJB NO FLOW CTRCl!IT NAME 

PWR - PWR 

ITFM NIJMBtRS 21H THRU 230 L I S T F U  RELOW 
ARE C IPCUITS  CONNECTING THF SHlrNT 
R A D I A T O R  (LEFT)  TO THE SHUhlT 
REGtJLATOR SURAS5EMHLY I N  THF 
POWER R A Y  

218- 004-004- 0 1  > SHUNT REG SEQ A COLLFCTOR 

220. 004-004- 03  SHUNT REG St0 R COLLECTOR 

221. o f l 4 - 0 ~ 4 -  0 4  > SHlJNT REG StQ B FMITTrR 

223. 004-0U4- O f j  > SHUNT REG SLQ C F Y I T T F R  

224. 064-OU4- 07  > SHUWT REG Sk0 0 COLLECTOH 

225. 004-004- 0 8  > SHUNT REG SEO D FMITTFR 

226. 004-004- 09 < SHUNT HEG SEO A FMITTFR SFNSF 

227. OO4-Qu4- 10 SHUNT R E G  SEO R FMTTTFR SFYSF 

229. 004-OU4- 12 SHUNT REG SEO D FPITTFR SFPISF 

230. 004-OU4- 13 > SHUNT R A D I A T O R  IhITER1-OCK 

I T F M  N I I ~ Y ~ E P S  231 THRI! 233 L ISTFU HFLOW 
ARF C I F C U I T S  COWJECTING THF P T G ' S  
(LFFT)  TO THE POWER CONTROL 
SURASSFMPLY I N  [HE POWFR HAY 

231. 004-004- 14 > R I G  1 PWP 



T A B L E  1. E L E C T R I C A L  I N T E R F P C F :  C I R C t I T T S  
MJS77 ( C O N T )  

I T E M  SUR S [ J ~  NO ELOW C I R C U I T  N A V E  

PWR - PWR 

233. 004-OU4- 16 > R T G  3 PWR 

PWW - 
234. 004-005-PO5 

235. 004-005-no6 

236. 004-005- 0 1  

237. 004-005- 02 

238. 004-005- 03 

239. 004-005- 04 

240. 004-005- 05  

CCS 

> 2e4KHZ PWH T O  C C S  A 

> 2.4KH7 PWH 7 0  CCC €3 

> U N D F S V O L T A G E  T R I P  I N 9 T C P T I O N t X R  

( CC ENABLE TO PWR U I S T I X R  

( CC S T R O S E  TO PklR I ) I S T i X R  

( CC D P T A  T O  PWR DTSTiXP 

> I N V  S W I T C H  ( M A I N - 1 0 - S T A N D R Y  1 

PWR -. FDS 

241. 004-006-pO7 > 2e4KHZ PWH 10 CObIV A 

242. 0 0 4 - 0 0 6 - ~ 0 8  > 2e4KH7 PWR T O  CONV I7 

3OVDC FDS MEMORY PWR 

4e8KYZ R E F E R E N C E  F R E n  

T L M  R T G  1 C A Z F  T F M P  2 

T L M  RTG 1 C A S F  T F M P  3 

TLM R T C  2 C A S F  T F M P  1 

T L M  R T G  2 C A S E  TEMP 3 

T L M  R T G  3 C A S E  T F V P  1 

T L M  R T G  3 C A S F  T F M P  2 

fperalta
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TARLk 1 .  ELECTRICAL INTERFACE r l R C i I I T S  
MJS77 (CONTI 

ITEM SUB SOB NO FLOW CTQCIJTT NPVE 

PWR - FDS 

004-OfJb- OR > TLM SHllNT RADIATOR TEMP 1 

o o 4 - 0 ~ b -  na > TLY SWUNT RADIATOK TFMP 2 

004-006-  1 0  > TLM BATTERY TCMP 

004-OUb- 1 1  TLM SHUNT R t G  TEMP 

004-006- 12 > TLFF HTG 1 OUTP!JT V 

004-00b- 1 3  > TLM RTG 3 OlJTPUT V 

004-nob- 14 > TLM R T G  3 OUTPUT v 

004-O(l6- 15 > TLM RTG 1 OUTPUT 1 

004-ODb- 1 6  > TLK RTG 2 OUTPUT 1 

On4-r)Ub- 17 > TLM PTG 3 OtJTPUT I 

004-OUb- 1 8  > TLM DC R(JS V0LTPC.t 

004-OUb- 19 > TLM VPM VOLTAGE 

004-Cub- 2 0  > TLM SHlJfJT REGllLATWp IhIPIJT I 

004-006-  2 1  TLM 2 a 4 K I i L  I N \ I .  I W I J T  I 

OO4-nub- 22 > TLM 2mQKHZ INV .  nUTPllT I 

004-00b-  23 > TLM 2.LcKtiZ 1h)V. OtJTPUT V 

0n4-0U6- 24 > TLM nr nLJs I 

004-006-  25 > TLM 2m4KtiZ l b l \ i  STRTllS 

PWP - AACS 

269. 004-OW/- 0 1  > RAT A UNPEG PWR To RDM 

fperalta
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TARLE 1, E L E C T H I C A L  I N T E R F A C E  CIRCIITTS 
M JS77 ( COhlT 1 

ITEM SUB SUH NO FLOW C I R C U T T  NAPE 

PWN - 

004-nu7- 0 3  

004-007- 03  

0 0 4 - 0 ~ l ? -  n4 

004-OUI- 05 

0n4-0rl1- 06 

004-C107- 07  

004-007- OR 

004-OUf-pl1 

004-00 1-1712 

Of l4-007-~13 

004-ou~I -n l4  

004-0 (17-~15  

004-007-916 

004-00 7-n17 

004-00-1-013 

004-00 7-014 

004-('to 1-015 

Ofl4-00 7-016 

004-007-017 

004-011 1-(102 

004-007-1 123 

aACS 

> H A T  R ~JNREG PWR TO pnkd 

( R I I P  VOLTAGE MONITOR 

> SOURCE 00 T O  VAM H F L P Y  1 SET 

> SOURCF 0 1  TO MAM H E L A Y  1 RFSFT 

> SOURCF O ?  TO MAW H E L A Y  2 S E T  

> SOIJKCF C13 TO MAM H E L A Y  2 RESFT 

> SIFJK 00 TO MPP RFLAYS 1, 2 

> 2.4KHZ PWH TO HYP 1 P 

> 2.4KHZ PWf? To HYR 2 P 

> 2.4KHZ PWH 7 0  HYP 1 J 

> 2.4KHZ PWR 70 HYP 2 J 

> 2.4KH7 PWR T O  CST 1 

> 2.4KHZ PWR TO CST 2 

> 2.4KHZ PWH 1 0  S\JN SHUTTERS 

> 3UVDC I S 0  V A L V E  1 PWR 

> 3 I I V D C  IS0 V A L V E  2 PWR 

> 3 0 V D C  PWP TO A GYRO 

> 3 U V D C  PWR TO R GYHO 

> 3OVDC PWH TO C GYHO 

> 30VDC PWH TO SCAM AZ H T R  

> 3UVDC PWH TO SUN SENSOP HTR A 



TARLL 3 ,  ELECTRICAL INTERFACE C I R C t I T T S  
b4J577 ( C 0 " T )  

ITEM 5118 SlJB NO FLOW C IPCIJI  T NAME 

PWR - AACS 

2 9 1  004-00 I-11214 > 3nVDC I'WR TO SUN SENSoP HTH P 

292.  0@4-001-n36 > 2.4KHZ H I P  PWR TO MAM SWITCH 

293.  0 0 4 - @ 0 7 - ~ 3 7  > 2.4KHZ ti2P I'WH Tn PAM SWITCH 

294.  004-OUI-n38 > 2.4KHZ PWR 10 MAv 

PWR - P Y R O  

295.  004-006- 0 1  ACTIVATE RATT A AN0 f l ; X H  

296.  onq-out+ 0 2  c A C T I V A T E  R A T T  A AND R ~ X R  

297.  004-90B-f~ lR > 3 e 4 K t + Z  PNR To PSU A 

298.  0@4-0u8-n19 > 2.4KtI7 PWR TO PSI1 I3 

299.  Or)4=flOB-~20 > 2.4KH7 PWH 10 PSI1 IblSTM 

PWR - 

300.  004-010-1125 

3 0 1  004-010-1126 

302.  004-010-1127 

303.  004-010-1~28 

304 OOU-lrlU-(t29 

305.  0 0 4 ~ 0 1 0 - ~ ~ 3 0  

306.  004-010-1~35 

PROP 

> 3OVDC PWR At '  R P 1  HTRS 

> 3OVDC PWH AP RQ? HTQS 

> 3nVDC PWR TO TCY HTPS 

> 311VDC PW9 TO TPU VALVF HTPS 

> 3UVDC PWR TO RED lPlJ "ALVF HTHS 

> 3f)VDC PWH TO IPlJ 1 ItRtlSTER IiTPS 

> 2 e 4 K H Z  PWP T O  TCpn LIIIIF+RKT HTRS 



TABLE 1. E L E C T R l C A L  IFJTERFACE CIPCIIJTS 
MJS77 ( C O N T I  

I T E M  SUB SUB NO FLOW C I R C I J I T  NAME 

PWR o DSS 

307.  004-016- (~01  > 2.4KHZ PWR TO DSS RFPL HTP 

308.  004A016-n21 > 2*4KHZ PWR TO DSS 

PWR o CRC; 

309.  004-021-01R > 3 0 V D C  PWR T O  C R S  

310.  004-021-(IO4 > 3 o V D C  PWR T O  C R S  HEPL H T R  

3 1 1  004-021-(105 > 3 0 V D C  PWf? T O  CPS SUPPL HTR 

PWR ..I PRA 

312.  004-022-D?2 > 2.4KHZ PWH 1 0  PRA 

313.  004-0 i r2 -~19  > WVDC Pwn FUR PRA ANT DEPLOY 

PWR .I PWF 

314.  004-025-n23 > 2.4KHZ PWR To PWS 

PWR - L E C P  

315.  0 0 4 - 0 2 b 0 ~ 2 4  > 2.4KHZ PWH TO LECP 

316.  004-025-020 > 3 f J V D C  PYR TO L E C P  STFPPER MOToft 

317.  004-02b-\106 > 3UVDC PWR TO L E C P  REPL H T R  

3 1 8 1  OCI4-02b-rl07 > 3 u V D C  PWH TO L E C P  V A I N  StJPP t4IW 

319.  004-025-IIOR > 3OVnC PWR TO L E C P  LFPT SUPP H I P  



TABLE 1. ELECTRICAL IVTEHFACE C I R C l  ITTS 
M J577 ( CObJT 

ITEM SUB 5UB NO FLOW CIRCUIT  NAPE 

PWR - PPS 

320. 004-027-021 > 30VDC PWR TO PPS 

321. 004-027-1109 > 3f)VDC PWR TO PPS SUPPL HTR 

PWR 0 PLS 

322. 004-032-~25 > 2.4KHZ PWH TO PLS 

323. 004-032-1110 > 3f)VDC PWH T O  PLS SIJPPL. HTR 

324. 004-032-1~11 > 30VC)C PWW TO PLS HEPL FTR 

PWR - UVS 

325. 004-034-p26 > 2.4KHZ PWK T O  UVS 

326. 004-034-1112 > 30VDC PWH T O  IJVS KEPI- HTR 

PWR - 
327. 004-035-n27 

328. 004-035-n28 

329. 004-035-~29 

330. 004-035-030 

331. 004-035-1731 

332. 004-035-~32 

333. 004-035-IJ13 

MAG 

> 2.4KWZ PWR TO MAG 

> 2.4KHZ STANBY PWR TO qqAG 

2*4KHZ TDLFM FWn FLTPPFR pWP 

> 2.4KHZ IRLFM REV FLIPPER PwR 

> Z*4KH7 09LFM FWD FLIPPFR PWR 

> 2.4KHZ ORLFM R F V  FLYPPFP PWR 

> 2.4KHZ MAG SENSOR HTQS 

PWR - I S S  

334. 004-036-~09 > 15s-FlA 2.4KHZ PWR 



TABLE 1, EL-ECTPICAL INTERFACE CIRCUITS 
MJS77 (COFIT 1 

I T E M  SUB SUB NO FLOW CIRCUIT NAME 

PWQ 0 I SS 

335. 004-036-n l0  > ISS-WA 2m4KHZ PWP 

336. 004-036-1J15 > ISS-NA 30VDC OPTICS HTP PWH 

337. OOr4-036-(116 > 15s-NA 30VDC V I t ,  PEPL HTR PWR 

338. 004-036-1117 > 15s-WA 30VDC VID HEPL HTH lJWR 

339. 004-036-1118 > 15s-WA 3rJVDC FLEC RFPL HTR P W W  

340. 004-036-tJ19 > 15s-NA 30VDC FLEC REPL HTR PWW 

PWH .I MIR IS  

ITFM NtIVBERS 3 4 1  THRll 345  LTSTFU RFLOW 
ARE CIRCUITS REfWEFN THE POWER 
SlJRSYSTEM AND THE I R I S  OR M IR IS  
SURSYSTEM* I R I S  AND V I R I S  HAVE 
THE SAVE INTFRFACE L IST ING AND 
HAVt THE SAME SIJRSYSTEM NUp.'lPER. 

341. 004003Y-n33 > 2.4KHZ PRIMARY PWH TO MIRTS 

342. 004-03Y-('r34 > 2.4KHZ STHY PWR TO M I W I S  SUPP1.y 4 

343. 004-03Y-n35 > 2.4KHZ STHY PWR TO M I H I S  5UPPLY B 

345. 004-03Y-(t21 > 30VDC PWR TO MIR IS  RFPL HTnS 

PWP - PWR LCE 

346. 004-2U4-n01 RTG SHORT COMMAND 

347. 004-204-n02 R I G  tJNSHOHT COMMAND 

348. 0 0 4 - 2 0 4 - ~ 0 3  RIG BYPASS HELAY HESET 



TABLE 1. E L E C T R I C A L  I N T E R F A C E  c I R C ~ I I T S  
MJS77 ( CohlT 

ITEM SllB SUB NO FLOW C I R C l l I T  NAME 

PWR - 
004-204-no4 

004A204-PO6 

004-2u4-no7 

004-20W708 

004-204-nO9 

004-2~4-ni0 

004-204-pll 

004-2U4-nl2 

004-20Q-Pl3 

004-204-n14 

004-2U4-DlS 

004-2UU-f?16 

004-20'+-D17 

OO4-204-P1R 

004-2o4-nl9 

LCF: 

M A I N  I N V E R T E R  S E L E C T  

S H U N T  R A D I A T O R  I M r E P L o C K  

E X T  PWR 

I N V E R T E R  S E L E C T  51 ATOS 

DC HUS VOLTAGE M O N I T O R  

R T G  1 SHOHT C K T  CUR 

R r G  2 SHORT C K T  CCJR 

R I G  3 SWOHT C K T  CUR 

R T G  1 C A S E  TEMP 1 

R T G  2 C A S E  TEMP 3 

R T G  3 C A S E  TFMP 3 

R A T T  A C T I V A T E  I N D  

R A T T E R Y  H T R  1 PW9 

B A T T E R Y  H T H  3 PWP 

O A T T E R Y  T E M P  

C C S  .I F D S  

364. 005-006- 01 > CC S T R O R E P X H  

365. 005-006- 02 > CC D A T A P X H  

366. 0Q5-006- 03 > CC E N A R L E P X H  

367. 065-0Ub- (14 > T L M  C C S  OlJT 1 
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TABLE 1, ELECTRICAL INTERFACE c I R C ~ I Y T S  
MJS77 ( COPIT 1 

ITEM SUB SUB NO FLOW CIRCUIT  NAME 

CCS 0 

368. 065-006- 05 

369. 005-006- 0 6  

370, 005-006- 07 

371. 005-006- 08  

372. o m - o w -  09 

373. 005-006- 10 

374. 005-006- 11 

375. 065-0('6- 12 

376. 005-006- 13  

FDS 

> TLM CCS OUT 2 

< C C S  B I T  SYNC 1 

< CCS B I T  SYNC 2 

< CCS ALEQT 1 

CCS ALERT 2 

< F1)S SEQUENCE SYNC 1 ;XU 

< FDS SEQUENCE SYNC 2 i X R  

< FDS L O  RATE DATA; XR 

( FUS LO RATE PTT 5 y N C I X R  

CCS AACS 

005-007- 0 1  > CC DATA TO AACStXH 

005-007- 02 > CC STROBE TO AACStXR 

005-007- 03 > CC ENARLF TO AACSpXR 

005-007- 04 < POWER CODE A e X R  

005A007- 05 POWER CODE B tXR 

005'007- 06 < POWER CODE CtXR 

005-OU7- 07 POWER CODE DpXR 

005-007- 08 POWER CODE EtXR 

005 -007 -  09 POWER CODE FeXR 

005+007- 10  > AACS SELF-TEST C M l l l X R  
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. - 

TARLL 1. ELECTRICAL INTERFACE ClRCUTTS 
MJF77 (CONT 1 

ITEM sun 51.~8 NO FI-OW CIRCIJTT NAME 

C C S  -. AACS 

387. 005-007- 11 CC DATA TO MAViYR 

388a 0059001- 12 > CC ENARLE T O  MAMiXR 

389. 005-007- 13 > MAM SHORTING SWITCH CMI7;XR 

390. 005-007- 1 4  > MAM SHORTING SWITCH OFF C M P 1 Y H  

CCS - 
OC15-~08- 

C)tJ!j-OU8- 

005-008- 

005-OU8- 

0C15-(108- 

005-OU8- 

005-008- 

005-008- 

0 n s q o 8 -  

005-008- 

005-008- 

095-008- 

Oo5-0UH- 

OC15-008- 

005-OUR- 

P Y R O  

0 1  > S IC-LV SEPAHATION A i X H  

02 > S IC-LV SEPAHATIOhl R;YP  

03  ACTIVATE H A l T  4 r \ p J f l  P TO P5ll A 

0 4  > ACTIVATF B A T 1  A AND R TO PSI! 1' 

05 > S l A K T  S O L I D  VnTOR TO pSU A 

06  > START S O L I D  VnTOP TO PSU R 

0 7  > RELEASE *JAG HOOV 10 PSU A 

OR > PELEASE MAG PnOM TO PSIJ f3 

09 > H t L E A S E  R T G  RCIOMvSET 1 TO PSI1 P 

LO > RkLEASE HTG POOY t SET 1 TO PStj @ 

11 > RELEASE RTG PCIOMtSET 3 TO PSI1 A 

12 > RELEASE RTG ROOMt5ET ? TO PSI1 H 

1 3  > CLOSE IPIJ-RkA I S O  V A C V F  TO PSI' 4 

1 4  ) CLOSE IPIJ-REB I S n  VALVF T o  PSIt  I? 

15 > J F T T I S I O h l  PHOPULSlON F'nDtJLF t X u  



TARLE I .  ELECTHfCAL INTERFACE CIRCUITS 
MJS77 (CONTI 

ITEM SUB SUB NO FLOW C IRCUIT NAVE 

CCS - PYRO 

406. 005-0(.lt)- 16 > RELEASE SCI ROOM 10 PSI1 A 

407. 005-OU8- 17 > RELEASE S C I  ROOM 10 PFLI R 

408. 00s-ooe- 18 PHE-SFPARATI ON IN I ERRIJPT I XQ 

409. 005-0lJ8- 19 > RELEASE M I R I 5  D U S ~  COVER TO P5U A 

4 005-008- 20 > RELEASE MIRIS DUST COVER TO PSU H 

411. 005-0U8- 21  > PYRO SPARE 1 TO P5U A 

412. 005-00H- 22 > PYPO SPARE 1 TO DSU R 

CCS I DSS 

413. 005-016- 0 1  ( R3T/FOTeXH 

414. 005-016- 02 < T4PE INDEX IbICREM€.NTtXP 

415. 005-016- 03 ( TPPE INDFX DECREPJENTtXR 

4160 005-016- 04 > CC DATAtXR 

417. 005-016- 05  > CC STROREVXH 

CCS - V I R I S  
ITEM YtlMBER 419 LISTED BELOW 
I S  A CIPCUTT RETWEEN THE C C S  
SURSYSTEM 4ND TWE I R I S  OR M I R I S  
SUPSYSTEM* I R I S  AND M I R I S  HAVE 
THE SAME IYTERFACE L I S T I N G  AYD 
HAVE THE SAME SUBSYSTEM NUMRER. 

419. 065'039- 0 1  C M I R I S  STBY SlJPP VOLT INTERRUP~IXH 



TARLF 1. ELECTRICAL INTERI-ACE ClPCUTTS 
MJS77 ( COblT 1 

ITEM SUB SIJR NO FLOW CIQClJIT NPME 

FDS - AACS 

420r  006-007- 01 > AACS ADPRESS PATA A i Y W  

421. 0 0 6 - o w -  02 A A C S  ADPHFSS woPn GATF A I X H  

422. 006-007- 03 > AACS 14r4KHZ SHIrl CLOCK A l Y W  

423. 006-007- 04  > PACS DATA WOPD GAIE AtXP 

4241 006-001- 05 < PACS PATA l f X H  

425. 006-0070 06  > AACS ADDRESS OATA H i X H  

426. 006-001- 0 7  > AACS ADDRESS WORn GATF R I X R  

427. 006-007- OR AACS 14.4KHZ S H I F I  CLOCK P j X R  

428. 006-0117- 09 > AACS D4TA WORn GATE R r Y R  

429. n06-007- 10 < AaCS nATA 2;XP 

430. 006-OU7- 11 TLM CST 1 TtVP 

431r  006-007- 1 2  TLM CST 2 TEWP 

432c 006-001- 1 3  TLM SUN SENSOR TFMP 

433. 006-OUT- 1 4  TLM SCAN AZ TFMP 

3 4  006-007- 15 TLM A GYRO TFMP 

435a 006-001- 1 6  TLM R GYRO TEMP 

436r  006-001- 17 < TLM C GYRO TEMP 

437. 006-007- 15 > MAM 14r4KHZ SHIFT CLOCV A 

438. 006-OU7- 19 > MAM DATA WOHn G A T t  A 

439. 006-0U7- 20 MAM DATA A 
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MJS77-3-110C

TABLE 1. ELECTRICAL INTERFACE CIRCUITS
MJ577 (CONT)

ITEM SUB SUH NO FLOW CIRCUIT NAMF.:

Fns I-'YRO

440. 006-008- 01 < +1-' THRUST 1/+1\ F::NG 1 CHAMAER PRF:~

4q.l. 006-0U8- 02 < -I-' THRUST l/-A ENG 1 CHAMRER f.lRES

4q.2. 006-008- 03 < +y THRUST 1/+A ENG 2 CHAMRER PRF'!'>

41.f.3. 006-0U8- Oq <. +H THRUST l/-R ENG 2 CHAMBER PRES

44q.. 006-008- 05 < TLM CAP RANK A VOLT5

445. 006-0U8- 06 < TLM CAP BANK A VOLTS

446. 00b-OU8- 07 < TLM PYRO AMI-' IND A

447. 006"'008- OA < TLM PYRO AMP INO t1

4q.8. 006-0U8- 09 < TLM ISO VALVE POC;ITION SRi

q.49. 00b.:o008- 10 < TLM ISO VALVE POC;ITION BR2

FOS - CABL

q.50. 006-00Y- 01 < SIC-LV SEPAHATION INOJCATION

451. 006';'009- 02 < PM-MM SEPARATION INOIC~TION

FOS PROP

452. on6-01U- 01 <- TLM IPU SOLIn MOTOR TfMP 1

453. 006-010- 02 < TLM IPlJ SOLIn MOTOR TFf.AP 2

454. 006-01U- 05 < TLM IPU LINE TEMP 1

q.55. 006-010- 06 <- TLM IPU LINE TEMP 2

456. on6-01U- 07 <- TLM IPU +ROLL ENGINf t TF:IVIP

457. 006-010- oa < TLM IPU +ROLL ENGINE ;> TEMP
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MJS77-3-110C

TABLE 1. ELECTRICAL INTERFACE CIRCUITS
rt'J577 (CO"JT)

ITEM SUB SUB NO FLOW CIRCUIT NAME

FDS ,",ROP

4-58. 006-01U- 09 <. TLM IPU -ROLL ENGINE 1 TEM,",

4-59. 006-01U- 10 <. TLM IPU -ROLL ENGINE 2 TEMP

4-60. Ofl6-01U- 11 <. TLM TCAPU TANK TEMP 1

461. 006-010- 12 <. TLM TCAPU TANK TEMP 2

4-62. 006-01U- 13 <. TLM TCAPU FEED SYSTE~ TEMP 1

463. 006-010- 14- < TLM TCAPlJ FEED SYSTEM TEMP 2

4-64. 006-01U- 15 <. TLM TCAPU SURFACF TEMP 1

4-65. 006-010- 16 <. TLM TCAPU SlJRFACF TEMP 2

466. 006-01U- 17 <. TLM TCAPU +PITCH THR 2 TEMJ..J

4-67. 006-01U- 18 <. TLM TCAPLJ -PITCH THR ~ TEMP

468. 006-010- 19 <. TLM TCAPlJ +YAW THf< 2 TEMP

4-69. 006-01U- 20 < TLM TCAPU -YAW THR 1 TEMP

470. 006-010- 21 < TLM TCAPLJ -YAW THH 2 TE~P

471. 006-01U- 22 <. TLM TCAPU -ROLL THR 1 TEMP

4-72. 006-010- 23 <. TLM TCAPU +ROLL THR 2 TEMP

4-73. 006-010- ?4- <. TLM TCAPU -ROLL THR ? TE~P

474-. 006-010- 25 < TLM IPU SOLIn MOTOR C~MBR PRFSIXR

4-75. 006-010- 26 <. TLM TCAPlJ N2H4 PRt:.SSlIRE 1

4-76. 006-01U- 27 <. TLM TCAPU HI! PRESSURE

477. 006-01U- 28 <. TLM TCAPU +PITCH TCM THR CH PPE"S

4-78. 006-01U- 29 < TLM TCAPLJ -PITCH T01 THR CH P~E.S
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TARLE 1, ELECTRICAL INTERFACE CIRCUITS 
MJS77 (CONTI 

ITEM SUB SUB NO FLOW CIRCUIT NAME 

FDS - PROP 

479. 006-010- 30 < TLM TCAPU + Y A W  TCM THR CH PRFS 

480. 006-010- 31 < TLM TCAPU - Y A W  TCM THR CH PRF5 

FDS - TEMP 

481. 006-011- 01 < TLM S C I  PLUME SHIELD TFMP 1 

482. 006-011- 02 < TLM S C I  PLUME SHIELD TEMP 3 

FDS - DEV 

483. 006-012- 02 < TLM RTG BOOM nEPLoY STATUS 

484. 006-012- 04 < TLM S C I  ROOM DEPLOY STATUS 

485. 006-012- 05 < TLM MAG ROOM nEPLOY 5TATUS 

486. 006-012- 06 < TLM MAG ROOM RELFASF STATUS 

487. 006-012- a7 < TLM SCIENCE LATCW PRESSURE 

FDS 0 

488. 006-016- 0 1  

489. 006-0160 02 

490. 006-016- 03 

491. 006-016- 04 

492. 006-016- 05 

493. 0061016- 06 

494. 006A016- 07 

05s 

> CC DATA 2 

> CC STRORE 2 

> RECORD DATA 

> DSS STATUS HIT syrrc 

> DSS MODE STATIJS ALERT 

> 0 5 s  PLAYBACK STATUS ALFRT 

) RECORD R I T  SYNC 
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MJ S7 7 - 3 - 110 C

TABLE 1. ELECTRICAL INTERFACE CIRCUITS
MJS77 (CONT)

ITEM SUB SUB NO FLOW CIRCUIT NAME

FOS - DSS

495. 006-016- 08 > PLAYRACK BIl SY~r

496. 006-016- 09 > CC ENABLE 2

497. 006-016- 10 > 2.4192 MHZ HFFfRFNCf

498. 006·016- 11 <. PLAYBACK DATA

499. 006-016- 12 <. TLM DSS STAlllS

500. 006-010- 13 < TLM DSS MOTOR V

501. 006-016- 14 < TLM DSS TRANSPORT PRF«';SURE

FOS SXA

502. 006-01'1- 01 <. TLp.,1 HGA MAIN REFLECTOR TEMP

503. 0"6-017- 02 <. TLM HGA S-BAND FEf:.Q TFMP

504. 006-011- 03 <. TLM X-BAND FEfD HORN TEMP

505. 006-011- 04 <. TLM LGA BODY TEMP

FDS CRS

506. 006·021- 01 > CRS 14.4KHZ SHIFT CLOCK A

507. 006-021- 02 > Cf-<S 14.4KHZ SHIFT CLOr.t< R

508. 006-021- 03 > C~S CMD WG

509~ 006"021- 04 > Cf-<S CMO WORD

510. 006-021- 05 > CHS HV ON

511. 006-021- 06 > CRS PHA DATA WG A

512. 006-021- 07 > CRS PHA nATA WG P.
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MJS77-3-110C

TABLE t. ELECTRICAL INTERFACE CIRCUITS
M.JS77 (CONT)

ITEM SUB SUB NO FLOW CIRCllIT N"ME

FOS - CRS

513. 006-021- 08 > CHS RATE DATA WG A

514. 006-021- 09 > CHS RATE DA1A WG B

515. 006-021- 10 > CRS DIG STATUS WG

516', 006"021- 11 > CAS SYNC

517. 006-021- 12 > CHS ANALOG MUX RESET

518. 006-021- 13 > CRS ANALOG MUX STE:P

519. 006-021- 14 > CRS CALIB START

520. 006-021- 15 > CHS REDUNDANCY SfLECT

521. 006-021- 16 < CHS DIG DATA A

522. 006-021- 17 < CAS 016 DATA A

523. 006-021- 18 < CHS ANALOG UATA

524. 006-0CU- 19 < CRS TELESCOPE TEMP

525. 006-021- 20 < CHS ELECTRONICS TEMP

FDS PRA

526. 006-022- 01 > PHA ADC BIT SYNC

527. 006-022- 02 > PHA ADC START

528, 006-022- 03 > PHA STATUS we;

529. 006-022- 04 > PHA 76.8KHZ CLOCK

530', 006-022- 05 > PHA MUX STEP

531. 006'*022- 06 > PHA MUX RESET

37

fperalta
Highlight

fperalta
Highlight



MJS77-3-110C

TABLE 1. E.LECTRICAL INTERFACE CIRClIITS
MJS77 (CONT)

ITEM SUB ~UB NO FLOW CIRCUIT NAME

FDS PRA

532'. 006-022- 07 > P~A CMD WG

53;5. 006-022- 08 > PRA CMD WORD

534. 006-022- 09 > PRA 14.4KHZ SHIFT CLOCK

5.35. 006-022- 10 < P~A ADC DATA

536. 006-022- 11 < PHA DIG STATUS DATA

537. 006-022- 12 < PHA ANALOG MlIX DATA

538'. 006-022- 13 ( PHA ELECTRONIC TFMP

539. 006-022- 14 ( PHA B ANT DEPLOY

540. 006-022- 15 < PRA A ANT DEPLOY

FDS PWS

541. 006-023- 01 > PWS FREQ STEP

542. 006-02,s- 02 > PWS,CLOCK RESET

543. 006-02,s- 04 > PINS INPUT RANGE CONTqOL

544. 006-023- 05 ( PWS INPUT RANGE sTAn:-

545. 006-02,s- 07 < PWS TEMP

546. 006-02,s- 08 < pWS ANALOG OUTPUT A

547. 006-023- 09 ( PINS ANALOG OUTPUT B

548. on6-02,s- 10 ( PINS PWR SUPPLY VOLTAGE

549. 006-02,s- 11 ( PWS WAVEFORM DATA

550. on6;.1;02,s- 12 > pWS ADC AIT SYNC
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MJS77-3-110C

TABLE 1. ELECTRICAL INTERFACE CIRCUITS
M,",S77 (CONT)

ITEM SPR SUB NO FLOW CIRCUIT NAME

FOS PWS

551. 006-023- 13 > PWS AOC START

552. 006-023- 14 > PWS WAVEFORM PWR

FDS LECP

553. 006-02!;i- 01 > LECP 14.4KHl SHIFl CLOCK A

554. 006~O25- 02 > LECP 14.4KHZ SHIF"' CLOCK ~

5!>5. 006~025- 03 > LECP CMO WORO A

556'. 006-025- 04 > LECP CMD WORD B

551. 006-02!;i- OS > LECP CMD WG A

558. 006-025- 06 > U:.CP CMD WG B

559. 006·025- 01 > LECP PHA WG A

560. 006-025- 08 > LECP PHA WG B

561. 006-025- Oq > LECP REDUNDANCY SELECT

562. 006-025- 10 > LECP RATE CMD WG

563. 006-025- 11 > LECP RATE/STATUS wG A

564. 006-025- 12 > LECP RATE/STATUS wG R

565. 006-025- 13 > LECP MOTOR STEP

566" 006-025- 14 > LECP MUX STEP

561. 006-025- 15 > LEep MUX RESET

568. 006-025- 16 > LECP ADC CLOCK

569. 006-025- 11 < LECP DATA A
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MJS77-3-110C

TABLE 1. ELECTRICAL INTERFAC~ CIRCUITS
MJS77 <CONT)

ITEM SLJB sua NO FLOW CIRCUIT NAME

FDS LECP

570~ 006-020- 18 < LECP DATA B

571. 006-025- 19 < LECP ANALOG ENr,R OATA

572. 006-025- 20 < LECP LEMPA TEL TFMP

573. 006-020- 21 < LECP LEPT TEL TEMP

574. 006-020- 22 < LECP ANALOG CAL nATA

FOS PPS

575. 006-02"1- 01 > PPS 14.4 KHZ SHIFT CLOCK

576. 006-027- 02 > pPS COMMAND '",ORD GATF:

571'. 006~02'1- 03 > PPS COMMAND WORD

578'. 006-02"1- 04 > PPS DATA/COUNT CONTROL

579. 006-021- 06 < PPS DIGITAL SeIEr-'CE DATA

580. 006-0ca- 07 < PPS LVPS MON

581. 006-027- 08 < PPS HVPS MON

582. 006-02/- 09 < PPS SOLAR SEN50R

583. 006-021- 10 < PPS FILTER POSITION

584. 006-n27- 11 < PPS ANALYZEH POSITION

585. 006';'027- 12 < PPS APERTURE POSI nON

586. 006-0~7- 13 < PPS OPTICS TEMP

587. 006-021- 14 < PPS ELECTRONICS TE.MP XOlJCF.R
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MJS77-3-110C

TABLE 1. ELF.CTRICAL INTERFACE CIRCUITS
MJS71 (CONT)

ITEM SUB SUB NO FLOW CIRCUIT NAME

FOS PLS

588. 006-032- 01 > PLS 14.4KHZ SHIFT CLOCK

589. 006-0~2- 02 > PLS MUX RESET

590. 006-032- 03 > PLS SAMPLE CLOCK

591. 006·032- 04 > PLS DATA WG

592. 006-032- 05 > PLS CMO WG

593. 006-0.32- 06 > PLS CMO WORD

594. 006--032- 01 ) PLS ~UX STEP

595. 006-0.32- 08 ) PLS ADC CLOCK

596'. 006-032- 09 < PLS DIG DATA

591. 006"032- 10 < PLS ANALOG MUX OUl

598. 006-032- 11 <. PLS SENSOR TEMP

599. 006-032- 12 < PLS ELECTRONICS TE.MP

600. 006";"032- 13 < PLS MODULATOR TE~P

FOS UVS

601. 006-034- 01 ) UVS 14.4KHZ SHIFT CLOCK

602. 006-034- 02 ) UVs REGISTER LOAn GATF

603. 006-034- 03 ) uvs WORD ADURESS RESf."T

604. 006-034- 04 > uvs MODE CONTROL

605. 006-034- 05 ) uvs HV CONTHOL 1

606. 006-0.34- 06 > UVS HV CONTROL 2
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(

MJS77-3-110C

TARLE 1. ELECTRICAL INTERFACE CIRCUITS
MJS77 (CONT)

ITEM SUB SUB NO FLOW CIRCUIT NAME

FOS - UVS

607. 006-034- 07 ) UVS HV CONTROL :3

608. 006-0.34- OR < UVS HV MONITOR

609. 006-0.34- 09 < LJVS SCIENCE OAT A 1

610. 006-0.3'+- 10 < UVS SCIENCE DATA ~

611. 006-0.3'+- 11 < UVS TEMP

FI')S MAG

612. 006-0.35- 01 ) MAG 1q..4KHZ SHIFT CLOCK A

613. 006-0.35- 02 ) MAG tq..4KHZ SHIFT CLOCK E\

614', 006;':;'035- 03 ) MAG CMO WG A

615. 006-0.35- 04 ) MAG CMO WG H

616', 006-035- 05 ) MAG CMO WORD A

617. 006-035- 06 ) MAG CMD WORD R

618. 006-035- 07 ) MAG SAMPLE A

619. 006-035- 08 ) MAG SAMPLE H

620. 006-035- 09 ) jVlAG RESET A

621. 006-035- 10 ) MAG RESET B

622. 006-035- 11 ) MAG STATUS wr, A

623. 006-035- 12 ) MAG STATUS WG B

624. On6-0.35- 13 ) MAG SCI DATA wG ,..

625. On6-0.35- 14 ) MAG SCI DATA WG R
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MJS77-3-110C

TARLE 1. ELECTRICAL INTERFACE CIRCUITS
MJS77 (CO~IT)

ITEM SUB SUB NO FLOW CIRCUIT NA~E

FOS MAG

626. 006-0,3~- 15 ) MAG IRHFM CLOCK(~U.4nOf(HZ)

621. 006-0j~- 16 ) MAG ORHFM CLOCK(~,3.160KHZ)

628. 006-0,35- 11 ) MAG I~LFM CLOCK A\60. UAOKHZ)

629. 006-0.3!)- 18 ) MAG IBLF~ CLOCK ~\60.4AOKHl)

630. 006-0,3!;)- 19 ) MAG OALFM CLOCK A\64.~12KHZ)

631. 006-0j~- 20 ) MAG OALFM CLOCK Rt64.~12KHZ)

632. 006-0j!)- 22 ) MAG MUX STEP

633. 006-0.3!;)- ?3 ) MAG MUX RESET

634. 006-n3!;)- 24 < MAG DIG nATA A

635. 006-n3!;)- 25 < MAG DIG DATA R

636. 006-0.3~- 26 < MAG ANALOG MlIX OUf

637. 006-0j!;)- 21 < MAG IAHF~ SENSOR TEMP

638'. 006-(l3!;)- 28 < MAG OHHFM SE.NSOR TE~P

639. 006-0.3~- 29 < MAG IALFPw1 SE:.NSOR TEMP

640. 0C\6-03!;)- 30 ( MAG ORLFM St:.NSOR TE"J1P

FOS ISS

641. 006-0.36- 01 > ISS-NA FRAMt:. GATf

642. 006-0.36- 02 > ISS-NA LIGHT FLOOO CONTROL

643. 006-0.30- 03 > ISS-NA ~RAME ERASE GATE"

644. 006-0.36- 04 ) 15S-NA LINE CONTPOL GATE
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MJS77-3-110C

TABLE 1. ELECTRICAL INTERFI\CE rIRCU1TS
M..JS11 (CONT)

ITEM SUB SUB NO FLOW CIRCUIT NA~E

FOS ISS

645. 006-0.36- 05 ) ISS-NA G1 V/GAIN c~m wORn

646'. 006~Oj6- 06 ) ISS-NA G1 V/GI\HJ CMn \'lORD GATE

647. 006-0.36- 01 ) ISS-NA SHUTTEH R~~F:T

648. 006-0.36- 08 ) ISS-NA SHUTTFR CLOSE

649'. 006"0.36- 09 ) ISS-NA SHUTTFR OPI:.N

650. 006-0.36- 10 ) ISS-NA FILTI:.R STFP

651. 006-036- 11 ) ISS-NA FILTI:.R READ/MlJle RESET

652. 006-036- 12 ) I5S-NA 14.4KHZ SHIFT CLOCK

653. 006.:0036- 13 ) ISS-I'JA MUX STEP

654. 006-036- 14 ) ISS-NA BEAM ON

655. 006-036- 15 ) ISS-NI\ ELECTRONICS CALIBRATF

656. 006~036- 16 ) ISS-NA OPTICS CALIBRATF.

651. 006-0..16- 11 ) ISS-WA BEAM Or-I

658. 006-036- 18 ) ISS-WA ELECTRONICS CI\LIBRATE

659. 006-0..30- 19 > ISS-WA FRA~F. GATF"

660. 006-030- 20 ) ISS-WA LIGHT FLOOD corlTROL

601. 006-0.'0- 21 ) ISS-WA FRAME:. fRAC::E GATE

662. 000-0.36- 22 ) ISS-WA LINE CONTROL GATE

603. 006-0..16- 23 ) ISS-WA G1 V/GAIN CMD I"ORD

664. 006-0jb- 24 ) ISS-WA G1 V/GAIN CMO ''''ORO GATF

665. 006-0jb- 25 ) ISS-INA SHUTTrR RFSET
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MJS77-3-110C

TABLE:. 1. El.ECTRICAL INTERF~CF. CIRCUITS
M'-'S77 (CONT)

ITEM SUB SUB NO FLOW CIRCUIT NAME

FOS ISS

666. 006-0~6- 26 > ISS-WA SHUTTER CLOSE

667. 006~0~6- 27 > ISS-WA SHUT fER OPEN

668. 006-036- 28 > ISS-WA FILTER STFP

669. 006-036- 29 > lSS-WA FILTE.R REI\U/rv'UX RE«;E'T

670. 006-036- 30 > ISS-WA 14.4KHZ SHIFT CLOCK

671. 006~036- 31 > I5S-WA MUX STEP

672. 006-036- 32 ) ISS-NA AOC HIT SYNC

673. 006-036- 33 > JSS-WA ADC BIT SYNC

674. 006-036- 34 > I5S-NA AOC START

675. 006-036- 35 > ISS-WA AOC START

676. 006-036- 36 ( ISS-NA Anc VInEO DATA

611. 006-036- 37 ( ISS-WA ADC VInEO UATA

678. 006-036- 38 ( ISS-NA FILTER PO~ITION

679. 006~036- 39 ( ISS-WA FILTEP POSITION

680. 006-036- 40 ( ISS-NA REAR OPTJCS TE~P

681. 006.036- 41 ( ISS-WA OPTICS TEMP

682. 006·036- 42 ( ISS-NA FRONT OPTTCS TEMP

683. 006-0j6- 43 ( ISS-NA VIDICON TF~P

684. 006.0~6- 44 ( ISS-WA VIDICON T~~P

685. 006-036- 45 ( ISS-NA POWEK SUPPLY TEMP

686. 006~Oj6- 46 ( ISS-WA POWEH SUPPLY TEMP
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MJS77-3-110C

TABLE 1. ELECTRICAL INTERFACE CIRCUITS
~.J577 (COf\JT)

ITn~ SUB SUB ~.IO FLOW CIRCUIT NAME

FOS ISS

687. 006-036- 47 < ISS-NA A~ALO~ ENAH TLM

688. 006~Ojb- 4A < ISS-WA ANALOG ENAH TLM

FDS MIRIS

ITEM NIIMBt:.RS 68q THRU 706 LISTFO AELOW
ARE CIRCUITS BETWEEN THE FDS ANU
THE lRJS/Ml~lS SUBSYSTEM. THE YHIS
AND THE MIRIS HAVE THF SAMF INT~R

FACE LYSTING. CIRCUITS 17 AND 1~

WILL SF IN SYSTEM CARLING AT ALL
TIMES BUT WILL HE USED ONLY FOP
THE MIRIS SUBSYSTEM.

689. 006-0j9- 01 ) MIRIS 14.4KHl SHyFT CLOCK

690. 006-069- 02 ) MIRIS FRAME START

691. 006~OjY- 03 ) FDS 4AOHl NEON RFF FREQ

692. On6·0j9- 04 < MIRIS SCIENCE DATA

693. 006-0j9- 05 ) MIRIS PLL CAPRIER

694. 006-0j9- 06 < MIRIS RAD SURFACF TEMP

695. 006.03Y- 07 < MIRIS PRI MIRROR TEMP

696. 006~Oj9- 08 < MIRIS SEC MIRROR TEMP

697. 006.039- 09 < MIRIS ELECTROt-llCS TEMP

698. 006-039- 10 < MIRIS RAnIOMET~R HIGH GAIN ANALOG

699. 006-0j9- 11 < MIRIS RAOIOMETER ANALOG

700. 006~069- 12 < MIRIS NEON AMALOA

701. 006-039- 13 < MIRIS RAD SUPFAC~ HTR ANALOG
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MJS77-3-110C

TABLE 1. ELECTRICAL INTERfACE CIRCUITS
MJS77 (CONT)

ITEM SUB SUB NO FLOW CIRCUIT NA""E

FOS MIRIS

702. on6-0~9- 1~ < MIRIS PRJ MIPROR HTR ANALOG

703. On6-0~9- 15 < MIRIS SEC MIRROR HTR ANALOG

704. nn6-0~9- 16 < MIRIS ST~ND~Y SUPPLY ~TATUS

705. 006-0j9- 17 > MIRIS CMD WORD GAlE

706. 006-0j9- 18 ) M[RIS CMO WORO

FDS FOS LeE

707. on6-~Ob-FOl < +lOVOC PWR FROM LCE

708. 006-2Ub-F02 ( +~VDC PWR F~OM lC~

709. 006-2Ub-F03 ( -jVOC PWR F~OM LeE

710. 006-2Ub-F04 < ce DATA FROM LCE

711. 006-?tJ6-F'05 < CC [HARLE FHOM LeE

712. on6-2U6-F06 < ce STROBE FROM LCE

713. 006-20b-F07 > 2.~KHZ CC SYNC SIGNAL

FOS

714. on6-LVS-

AACS

LVS

> MJS ENGINEEHING nATA

AACS

ITEIiI' NUMBl:.PS 11!;) THRU 802 LISTF'IJ BELOW
ARF CIRCUITS CONNECTING HYPACE
(LEfT) WITH THE AACS UNITS nE-
NOTED IN THE CIHCUIT NAME.

> CST1 CONE ANGLE CMO ~
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TABLE 1. ELECTRICAL INTERFACE C I P C U T T S  
MJS77 ( COhlT 

I T F M  51JR SUB NO FLOW C I H C l l I T  NPMF 

AACS - AACS 

716. 007-007-02 > CST1 CONE ANGLF CWD Q 

717. OC17-OU7-fl3 > C5T1 COFJE ANGLE TMT, C 

719. 007-007-  05 > C S T l  SEARCH R I A S  IN lqJ I j IT  

C5T1 FLYHACK 

C S T l  R O L L  OVFRRIDE 

C5T1 STAR I N T E N S I I Y  

C5T1 R O L L  PO5N 

C5T1 CONE ANGLE POSN 

DA CST 1 STAR I N T t b l 5 I T Y  

PITCH ss 1 

PlTCH 5s  1 B I A S  

Y A W  SS 1 POSN 

Y A W  S S  1 B I A S  

1 5 V  SS 1 PWH 

S5  1 SUN INTFNSITY 

S S  1 SYNC 

SCAN A Z  r )HrvF 

SCAN A7 POSN 1, COAR5E 

SCAN AZ POSN 1, FIN€ A 

SCAN AZ POSF1 1 v F I N E  R 



TABLF 1. ELECTRICAL INTERFACF CIRCIJITS 
MJS77 ( CONT 1 

ITFM 5118 SlJB NO FLOW CIRCUIT NAME 

AACS - AACS 

737. 007-007- 24 SCAN EL POSM 1, COARSE 

7380 067-007- 25 SCAN F L  POSN 1, FINE A 

739. 007 -007 -  26 SCAN EL POSN 1, FINE 

740. 007-007- 37 > POS I P U  ROLL V A L V t  1,PREDRIVF 

4 007-007- 28 > N t G  I P U  ROLL VALVE IPPREDRIVF 

7420 007-007- 29 > POS I P U  A VALVE 1 PREnRIVE 

743. 007-007- 30 > NEC. I P U  A V A L V E  1 PRFDPIVF 

744. 007-OU7- 31 > POS I P U  ROLL VALVE 2tPREDPIVF 

745. 007-OO?- 32 > NEG IPIJ POLL VALVE 2tPPFDRIVE 

7460 007-001- 33 > POS I P U  R VALVE 2 PREDRIVE 

7470 007-007- 34 > NEG I P U  VALVE 2 PREnRIVF 

748. 067-007- 35 > CST2 CONF ANGLE CMD A 

749. 007-007- 36 > CST2 CON€ ANGLE CMD R 

750. 007-007- 37 > CST2 CONE ANGLE C W  C 

751. 007"007- 39 > CST2 I7EMOO I Y H I H I I  

7520 007-007- 39 > CST2 SEARCH R I A S  INHTQIT 

753. 007-007- 40 > C5T2 FLYPACK 

7540 007-007- 4 1  > CST2 POLL OVFRRIPt 

755.  007-007- 42 CST2 ST9H INTENSTVY 

756, 007-007- 43 CST2 ROLL POSN 

757. 007-007- 44 CST2 CONE ANGLE PoSN 



TARLE 1. ELECTRICAL INTERFACE CIRCl l ITS 
MJS77 (CONTI 

ITEM SUB SUH NO FLOW CIRCUIT  NAME 

AACS - AACS 

758.  007-007- 45 DA CST 2 STAR I N T t N S I T Y  

PITCH SS 2 POSPJ 

P lTCH S S  2 HIAS 

Y A W  SS 2 POSN 

Y A W  SS 2 B I A S  

1SV 55 2 PWH 

SS 2 SUN INTFNSITY 

S S  2 SYNC 

SCAN EL l7RIVF 

SCAN AZ POSN 2t COARSF 

SCAN AZ POSN 2 t  F I N E  A 

SCAN AZ POSN 2, F I N E  

SCAN EL POSN 2t COARSE 

SCAN EL POSN 2t F I N E  A 

SCAN FL POSN ? t  F lME P 

GYRO RATE CMF l i Y H  

GYRO RATE CMD 21XH 

GYRO STROBE 1 

GYRO STROBE 2 

A GYRO SHIFT  CLOCK 1 

B GYRO S H I F r  CLOCK 1 



TARLE 1. ELECTQICAL INTERFACE CIRCtJITS 
MJ577 (CONTI 

I T E M  S ~ I H  SUB NO FLOW CIRCUIT NAME 

AACS - AACS 

779. 007-007- 67 C GYRO SHIFT CLOCK 1 

780. 007-007- 66 A GYRO SHIFT CLOCK 2 

781. 007-007- 69 < 8 GYRO SHIFT CLOCK 2 

782. 007-007- 70 C GYRO SHIFT CLOCK 2 

783. 007-007- 71 A GYRO nATA 1 

784. 007-001- 72 < R GYRO DATA 1 

785. 007-007- 73 C GYRO DATA 1 

786. 007-00'1- 74 A GYRO DATA 2 

787. 007-007- 75 R GYRO DATA 2 

788, 007-007- 76 C G Y P 0  DATA 3 

789.  007-007- 77 PITCH B I A S  1 

790. 007-00.7- 78 Y4W R I A 5  1 

791. 007-007- 79 2 +bVDC N 1 

792. 007-007- Rf l  +SVDC N 1 MON 

793. no7-oo r -  R I  +svnc J i 

794. 007-007- 82 < +30VDC J 1 

795. 007-OUT- 83 +I-15VDC J 1 

796. 007-OU7- A 4  < P I T C H  BIAS 2 

797. 007-n07- 85 Y A W  BIAS 2 

798. 007-001-  86 > +SVDC N 2 

799. 007-007- 87 > +SVDC N 2 M0hl 



TABLE 1. ELECTRXCAL INTERFACE C I H C O I T S  
MJS77 (COwT) 

I T E M  SlJB S1JB NO FLOW CIRCIJIT NAME 

AACS - 
800. 007-007- R8 

801. 007-007- 89 

802e 007-007- 90 

803. 007-OU-7- 91 

804. 007-007- 9 2  

805. 007-001- 93 

806. 007-001- 94 

807; 007-007- 95 

808. On7-00.7- 96 

809. 007-007- 9 7  

810. 067-007- 98 

811. 007-OfJ7- 99 

812 r  007-nU7-100 

813. 007-007-101 

4 0 0 7 ~ 0 ~  + i n 2  

815. 007-007-103 

816. 007-00 7-104 

817. 007-007-105 

818. 007-007-106 

819. 007-007-107 

820.  0 0 7 - 0 0 7 - 1 0 R  

AACS 

( +3VDC J 2 

( +JOVDC J 2 

< +I-15VPC J 2 

( MAM CLAMP? PR1 

( OHIN A ?  PHI  

< MAM CONTROL 1 P PP1 

< MAM CONTROL 2, PR1 

( YAM OAT4 TO P R l  

< MAM AnDRESS TO PR1 

> DATA TO WAM, PP1 

) -15VDC P1  TO MAW 

C -15VDC P 1  TO HYHTC 2 

( -15VDC P I  TO H Y R I C  1 

< MAN HYRIC 1 CLK TNHIRIT? p P 1  

< MAM CLAMP? PP? 

< OWIN R ?  PR2 

( V A M  CONTROL 1, PR2 

( MAY CONTROL 2, P R 3  

C MAM OPTA TO PR2 

< MAM ADDRESS TO PP2 

> DATA TO MAYI P42 



TABLE 1. ELFCTRICAL INTERFACE CIRClJJTS 
MJS77 ( CONT 1 

ITEM SlJR 5118 NO FLOW CIRCl l IT  NAVE 

AACS - AACS 

821. 0n7-00./-109 -1SVDC P3 TO MAM 

822. On?-00'7-110 -15VDC P2 TO HYRIC 1 

823. 007-0[)7~111 -15VDC P 2  TO HYflTC 2 

824. 067-007-112 < MAM HYRIC 2 C L K  TNHIRXTv Pp2 

A ACS - PYRO 

825. 007-0uS- 01 TCAPU ARM ENAPLElXR 

AACS - 
826. 007-010- 0 1  

827. 007-010- 02 

828. 007-010- 03 

829. 007-010- 04 

830. 047-010- 0 5  

831. 007-010- 0 6  

832. 007-010- 07  

833. 007-010- 08  

834. 007-010- 09 

835. 007-010- 10 

836. 007-010- 11 

837. 007-010- 12 

838. 007-010- 13 

PROP 

> POS I P U  ROLL VALVE 1 DRIVE 

> NkG I P U  ROLL V A L V k  1 DRIVE 

> POS I P U  A VALVE 1 DRIVE 

> NEG I P U  A VALVE 1 DRIVE 

> PUS I P I J  ROLL V A L W  2 n P I V F  

> NEG I P U  ROLL VALVE 2 DRIVF 

> POS I P U  6 V A L V E  2 DRIVE 

> NEG I P U  R VALVE 2 DRIVF 

> POS AP PITCH VALVE 1 DRIVE 

> NEG AP PITCH VALVE 1 ORIVF 

> PUS AP YAW VALVE 1 DRIVE 

> NEG AP YAW VALVE 1 DRIVE 

> POS A p  ROLL VALVF 1 OWIVE 



TARLE 1. ELECTRICAL IWTE9FACE CIPCIJITS 
MJS77 COPIT 1 

I T E V  SUB SUB NO FLOW C I P C t J T T  NAME 

A A C S  - PROP 

839. 007-910- 14 > NEG AP ROLL VALVF 1 PUIVE 

840. 007-010- 15 > A p  P/Y THRUSTER 1 HTR PWR 

8 4 1  007-010- 16 > At' H THRllSTkH 1 tj1R PwR 

842. 007-010- 17 > Po5 TCW P I T C P  VALVE 1 PHIVF 

843. 007-010- 18 > NkG TCM PITCH VALVE 1 PRIVE 

844. 007A010- 19 > Al.' P/Y I S 0  VALVE 1 OPFbI CMn 

895. 007-010- 20 > Ap P/Y I S 0  VALVE 1 CLOSE CMD 

846. 0P7-010- 21 > Ap R I S 0  VALVF 1 OPFV C W  

847. 007-010- 22 > A p  H I S 0  VALVE 1 CLOSF- C W  

848. 007-010- 23 > TCM P  I S 0  VALVE 1 OPFhJ C M n  

849. 007-010- 24 > TCM P I S 0  VALVE 1 CLOSF CYI\  

850. 007-010- 25 > PUS AP PITCH VALVt  3 ORIVF 

851. 007-01Uw 26 NEG AP PITCH V A L V K  2 I IP IVF  

852. 007-010- 27 > POS AP YAW VALVE 2 DQIVE 

853. 007-010- 28 2 NEG AP YAW VALVF 2 n P I V E  

854. 007-010- 29 POS AP R O L L  V A L V F  2 DRIVE 

855. 007-010- 30 NtG AP ROLL VPLVF 2 nRIVE 

856. 007-010- 3 1  > AP P i Y  THRUSTER 3 H T Q  PWR 

857. 007-01U- 32 > Ap H THRUSTF-P 2 H I P  P\*'R 

858. 007-010- 33 > POS TCM YAW VALVF 2 PHIVF 

859. 007-010- 34 > NEG T C M  Y A W  VALVF 2 DRIVE 



TABLE 1. ELt CTRlCAL INTERFPCE CIRCIIITS 
MJS77 (COP!T 1 

I T F M  SIJB SUB NO FLOW CXRCllIT NAME 

AACS - PROP 

8600 007-010- 35 > AP P/Y I S 0  VALVE 2 OPEN CMn 

8 6 1 0  0n7-010- 36 > AP P/Y I S 0  VfiLVE 2 CLOSE C M n  

862. 007-0111- 37 > AP R ISO VALVF 2 OPE! C M ~  

863. 007-010- 38  > AP R IS0 VALVE 3 CLOSF CMD 

864. 0n7-010- 39 > TCM Y I 5 0  VALVE 3 OPFN CMn 

8 6 5 0  007-010- 40 > TCM Y I S 0  VALVE 3 CLOSE CMD 

PYPQ - PYRO 

ITEM NttMRERs Rhh THRLJ 895 LISTFU @FLOW 
ARF CIRCUITS CONNECTING THS PSIJ 
(LEFT) TO SQlJIHS DENOTED I N  THF 
CIRCUIT NAYk. 

8 6 6 0  008-008- 0 1  S IC  SEP A, B S R I ,  BSQl 

868. 008-008- Q3 SOLID MOTOR SOUIP 8161  

869. 008-OU8- 0 4  > R I G  ROOM SQUIRtlPPP3,ASQl 

870. n08-008- n5 > R r G  ROOV SQUIR,l?PP4,RSQl 

8 7 1 0  008-008- 0 6  > R I G  ROOM SQUTR,12PPS,HSQ1 

8 7 2 0  008-008- 07 > R I G  BOOM SQUIR,12PPh,RSQl 

8 7 3 0  008-008- 08  > SC I  ROOM SQUIR RSSf-A 

874 r  008-00fl9 0 9  > PYRO I S 0  VALVF 1, 8PSI l -A  

875. 0@8-0U8° 1 0  > PYRO IS0 VALVF 2,  RPSI2-A 

876. 008-008- 11 > J tTT ISON PM*12RD1, 8SGl 



TABLE 1. ELFCTRlCAL INTERFACE C I H C ~ J I T S  
MJS77 (COFIT 

ITEM SUB SUB NO FL.OW C I R C l l I T  N A M E  

PYRO - 
877. 008-008- 

878. 008-008- 

€379. 008-nUH- 

880. 008-008- 

881 008-008- 

882. ona-008- 

883. 008-008- 

884. 008-008- 

885r 008-008- 

886. 008.008- 

887.  008-0U8- 

88Rr 008-008- 

889. 008-OUB- 

890. 008-008- 

891; 008-OUH- 

892.  008-OUB- 

893. 008-008- 

894. 008-008- 

895. 008-0(J8- 

P Y R O  

1 2  JkTTISOW PY*12RD?,  R q Q l  

13 > JkTT ISON PMt12RDTt 9 5 0 1  

1 4  ) JkTT ISON PMt12RD4t  8 5 0 1  

15 > MAG ROOVt 12PP1 t  H S A l  

17 > S I C  SEP R t  H S P l t  HSQ3 

1 R  > S I C  SEP R t  U S R l t  HS04 

19 ) S w I n  MOTOR SOUTP RIG? 

20 > R r G  ROOM SQUIPt13PP3tHSQ2 

2 1  > Y I G  POOM SQUIHt13PPQtSSQ2 

22 > H T G  f3nOM S Q ~ J I H t l ? P P F i t P 5 0 2  

2 3  > 9 r G  ROOM SQ(j IRt l?PPhtPCJ(32 

2 4  > S C I  HOOM SQIJIR 8551-C 

25 > PYRO I S 0  VALVE I t  PPST1-C 

36 > PYRO IS0 V A L V E  2, APSI2-C 

?7 > JkTTICON P M t 1 2 9 D l @  RSQ? 

28 > JETTISON PMt12RD3, P502 

39 > JETTISON PMt12RD3t  RSo2 

30 JkTTISOhJ PMt12RD4t  RSn2 

3 1  > VAC ROOMt 1 2 P P l t  8SC3 



TABLE 1, ELECTRICAL INTERFACE CIRCIJTTS 
M JS77 ( COP.IT 1 

ITEM SUB StJS NO FLOW CIRCUIT NAME 

PYRQ .I) PROP 

8 9 6 ,  008-010- 0 1  + A  ENGINE 

8 9 7 ,  008-010- 02  < 'A EFlGINE 

8 9 8 ,  008-010- 03  < +Y ENGINE 

8 9 9 ,  0080010- 0 4  < -H FNGINE 

900, 048-010- 0 5  +p TbfRUSf 

901 .  008-010- 06  < -p THRUST 

902.  008-010- 07 < + Y  THRUST 

9 0 3 ,  008-010- O R  + H  THRUST 

9 0 4 ,  008-010- 0 9  < 1 5 0  VALVE 

905.  008-010- 10 IS0 VALVE 

1 CHAMPt-R PRES 

1 CHAMRtR PPFS 

2 CHAMRER PHES 

2 CHAMSEH PRES 

1 CHAYREH PRFS 

1 CHhVSER PHFS 

1 CHAMPtR PRES 

1 CHAMQER PRFS 

POSITION RP1 

POSIT lnN RP? 

PYRO 9 Y I R I S  

906.  ~ ~ 8 g 0 ~ y -  0 1  > M I R I S  DlJST COVER sQl.rInpA 

907; 008-059- 02 > M I R I S  DUST COVER SQUI''f3 

PYRO - PYHO LCE 

9 0 8 ,  008-208-H01 > PyRO/TCAPU/CCS ARM STATUS 

909 ,  008-208-1102 PyRO/TCAPIJ/CCS ARM OFF 

PYRO 0 LVS 

910. OOB-LVS-WO~ < PyRO/TCAPU/CCS ARM A 

911.  008-LVS-bt02 < PYRO/TCAPU/CCS A F M  H 



T A B L E  1,  E L E C T R I C A L  INTERFACE C I R C U J T S  
MJ577 ( C O N T I  

I TEM SUB SUB NO FLOW C I R C U I T  NAME 

PROP - PROP 

912. 0 1 0 - 2 1 0 - ~ 0 1  

913. 010 -210 -~02  < 

914. 010-21O-JO3 > 

915. 010&21O-J04 

916, 010-210-JO5 < 

917. 010-210-JO6 < 

918. 010-21OoJ07 > 

919. 010 -210 -~08  ) 

920. 010-210-J09 > 

L C E  

S O L I D  MOTOR S A F E  CMD 

S O L I D  MOTOR ARM CMD 

S O L I D  MOTOR SAFE M O N I T O R  

S O L I D  MOTOR 4RM P O F I I T n R  

PHOP TANK HTR 1 PWR 

P Y O P  TANK H T R  2 PWP 

P H O P  TANK TEMP 

IPU S O L I D  MOTOR TkMP -5 

IPU soLIr) MOTOR TEMP 4 

C R S  - C H S  LC€ 

921. 02.1-221-\101 CKS DETECTOR R I A S  POWFR 

PRA I PWS 

922.  022-023- 0 1  P Y A  P ANT SIGNAL 

923. 022-0230 02 > PKA A ANT SIGNAL 

L E C P  - LECP LCE 

924; 025-225-1~02 < L E C P  O E T E C T O P  R I A 5  



TABLE 1, E L E C T R I C A L  I N T E R F A C E  C L H C I J I T S  
M J S 7 7  ( C O N T I  

I T E M  SUB SOH NO FLOW C I R C U I T  NPMF 

MAG MAG 

I T E M  NtJWOLPS 925 THRlJ 962 L I S T F I )  RFLOW 
A R F  C I R C U I T S  C O N N E C T I N G  T H E  MAG 
BUS E L E C T R O N I C S  ( L E F T )  W I T H  T H F  
MAG SFNSOHS DEN(>TED I N  T H E  C I R -  
C U I 7  NdME* 

925. 035-0330 0 1  > O H L F M  X D R I V F  FRFO ( l 6 e 1 2 R K H 7 )  

926. 035-035- 02 > O H L F M  Y D R I V E  F R F O  ( l h e 1 3 R K H 7 )  

927. 055-035- 03 > Q9LFM Z D R I V E  FREQ ( l b e 1 2 8 Y H 7 )  

928. 035-035- 04 O H L F M  I OUT ( C O A Y )  

929. 035-035- 05 O H L F M  Y OUT I C O A X )  

O H L F M  X OUT ( C O A X )  

O H L F M  ZERO DEGREE P O S I T I O N  

014LFV ONE E I G H T Y  U E G R E F  POSITION 

O Y L F M  2 e 4 K H L  FWD F L I P P E R  PWR 

O H L F M  2eQKHZ REV F L I P P E R  PWR 

O H L F M  2 e ' + K H L  SENqOR HfR 

O H L F M  SENSOH TEVP 

IwLFM X D R I V F  F R E Q  ( 1 6 e 1 2 0 K F 7 )  

I H L F M  Y O W I V E  FRFQ ( 1 5 a 1 2 f l K H Z )  

939. 035-0350 15 > I H L F M  Z nHIVE F R F O  ( 1 5 e 1 2 n K H 7 )  

940. 035-0350 16 I I 4 L F M  Z OlJT ( C O A X )  

941. 035.035- 17 IQLFP Y OUT ( C O A X )  

942. 035-035- 18 I H L F M  X OUT ( C O A X )  



TABLE 1. ELECTRICAL INTERFACE C I P C l l I T S  
MJS77 (CONTI 

I T E M  SUB SUH NO FLOW CIRClJIT NAME 

MAG - MAG 

035-0359 19 C IHLFM ZEPO UEGPEF PPSTTIOY 

035-035- 2 0  C IHLFM OYE EIGHTY UEGRFF P n S I T l O N  

035-0330 2 1  > IHLFM 2.4KHL FWD FLIPVFP PWR 

035-0359 22 > IHLFM 2.4KtIL R E V  FLIPPFR PwP 

035-0350 23 > IHLFM 2.4KHL SENSOR HTR 

0350035-  2 4  IHLFM SENSOH TEMP 

035-035-  25 > OHHFM X DRIVF FRFO (13e440KH7)  

035-035-  26 > OHHFM Y DRIVF F R F O  (13.44t lKH7) 

035-0359 27 > OHHFM Z DRIVE F R F Q  (13.44OKl-47) 

035-035- 28 C OHHFM Z OUT (COAX) 

035-035- 2 9  C OHHFM Y OUT ( C O A X )  

035Af l55-  30 C OHHFM X OUT ( C O A X )  

035-035- 31  > IHHFM X n R I V F  FRFO (13.600KH7) 

035-035- 32 IHHFM Y DRIVE FRFO (1?.600KHZ) 

035-035-  33 > IHHFM Z DRIVE FRFQ (12.hOflKH7) 

035-035- 34 < IHHFM Z OUT ( C O A X )  

0 3 5 - n j 5 -  35 < IHHFM Y OUT ( C O A Y )  

035-035-  36 IPHFM X OUT ( C O A Y )  

035-035-  37 C OHtiFM SENSOH TEMP 

035-035-  38 < I W F M  SENSOR TEMP 



TABLE 1. ELECTRICAL INTERFACE CIRCUITS 
MJ577 (CONTI 

ITEM SIJO SIJH NO FLOW C IRCIJ'IT NAME 

I S S  .L I SS 

ITEM NlIMRERS 965 THRU 992 LISTEU RELOW 
ARE CIPCUITS CONNECTING THE WA AND 
NA PWR SUPPLY StIBASSYS ( L t F T  
COLUMN) WITH THE WA AND NA CAMEHA 
HEAD SlrHA5SYS (NIGHT COLUMN) 

963. 036-0369 01 > NA G1 VOLTAGE 

964. 036-036- 02 > N A  VInICON FILAMFNT 5IJPPLY 

9650 036-036- 03 > NA CAMERA HLAO RFPL HTR 

9660 036-0560 04 NA VIDICON TFPP 

967. 036-036- 05 < NA CATHODE 1 FTM 

968. 036-0560 06 NA CATHODE 2 ETM 

969. 036-0560 09 < NA FOCUS CUHPENT ETP 

970; 036-056- 10 NA 62 ETM 

971. 036-0360 11 > N4 ALIGNMENT CURPENT SIJPPLY 

9720 036-036- 12 > NA FOCUS CURRENT SUPPLY 

9730 036-0369 13 > NA GAIN SWIlCH 

974. 036-036- 14 > NA +15V SIGNAL CVAIN SUPPLY 

975. 036A036- 15 > N9 -15V SIGNAL CHAIN SUPPLY 

976. 036-036- 16 > NA +50V SUPPLY 

977. 036-0369 17 > NA +SOV H V M  SUPPLY 

978. 036-0360 43 > WA 61 VOLTAGE 

979. 036-036- 44 > WA VIDICON FILAMENT SllPPLY 

9800 036-036- 45 > WA CAvER4 HEAD REPL HTP 



TABLE I.  LLECTR ICAL INTEHF ACE C I R C t j J T S  
V J S 7 7  (CONT) 

I T E M  S\!R SUB NO FI-OW CIRClJIT NAME 

I SS - ISS 

9810 036-056- 46 W A  V IDICON TEMP 

9820 036-036- 47 W A  CATHODE 1 ETM 

984. 036-056- 51 < W9 FOCUS CUHRENT ETV 

(3860 036-036- 53 W A  ALIGNMENT CIJRRENT SljPPLY 

987. 036-0560 54 > W9 FOCUS CtJHPENT SUPPLY 

98@. 036-0360 55 > W A  G A I N  SWIICH 

9890 036A036- 56 > W A  +1SV SIGNAL CtlqIN SUPPLY 

992. 056-036- 59 > WA +50V HVM 5tlPPLY 

ITEM NtIFAREPS 993 THPO 006  L . I S T F 0  RELOW 
ARE C IRCUITS  CONNECTING THF W A  AM0 
NA PWR SUPPLY SURASSYS (LEFT 
COLUMN) WITH THE W A  AND !JA F I L T L R  
WHFkLS/SHUTIER SUBASSYS (HTGHT 
COLUMN) 

994. 036-0369 19 > N A  SHIJTTEH 1 HESFT nRTVE 

9950 036-0369 20 > NA SHIjTTER 2 CLOSE. OSTVE 

996. 036-056- 21 > NA SHUTTER 2 HESF1 D R I V E  

997. 036-036- 22 > NA F ILTER WHFFL nKIVE  



TABLE 1. ELECTRICAL INTERFACE ClRClJTTS 
PJS77 (CONTI 

ITFM SlJR SCIH NO FLOW CIRCIJIT N4ME 

036-036- 6 0  > W4 SHUTTER 1 OPEhl PRIVF 

036-036- 62 > WA SHUTTER 2 CLOSE DRIVE 

036-036- 6 3  > WA SHllTTFTR 2 HFSFT DRIVE 

056-056- 64 > WA FILTER WHEEL M I V E  

036-036- 66 > W A  FLOOD LAMP DRIVE 

ITEV NllMHkRS 00/ THRtJ 014 LISTED HEhQW 
ARE CIRCUITS COf'INECTING THE WA AND 
NA PWR SUPPLY SIJRASSYS (LEFT 
COLUMN) WITH THE WP AND NA OPTICS 
SURASSY S ( R I GHT COL\ JMN 1 

036-036- 23 > NA OPTICS HTR 

056-0369 24 < NA REAR OPTICS TFMP 

1009. 036-036- 25 < NA FRONT OPl ICS TEMP 

1010. 036-056- 27 > N4 OPTICS CALIR DHXVE 

1011. 036-036- 49 > WA OPTICS CALIR DHIVE 

10120 056-036- 28 < NA IFITERLOCK 

1013. 036-0360 65 ( Wn HEAR OPTICS TFMP 

1014.  036.036- 67 ( WA INTERLOCK 



TARLE 1. El-ECTR LCAL IWTERf- ACE CIRCl ITTS 
M JS77 ( COFIT 1 

I T E M  S\!B SUB bl0 FLOW CIRCtJIT NAME: 

ISS - 155 

ITErvl NIIMREPS 015 THRU 024 I-ISTFL) RFLOW 
ARE CIRCUITS C@f\lNECTIhJG THF MA ANn 
NA SUPPORT ELFClROblICS SUt3AI;SYC; 
(LEFT COLlJVN)  W 1114 T I E  WA AFJR V A  
FILTER WHEFL/SHOTTFR SCJOASCjYS 
(RIGHT COL\JMNI 

1015r 036-0360 30 > NA FWIO WRI lF  

1016. f736-n3b- 31 NA FWID-A 

1018. 036-0360 33 NA FWID-C 

1020. 036-n36- 69 Wn FWID WHITE 

ITFM NIIMREQS 039 THRU 040 1 ISTFC) RFI-OW 
ARE C I p C t I I T S  CONNECTING THF W A  AFID 
NA SUPPORT ELECIROFIICS SUHASSYS 
(LEFT COLUMN) WITH THE WA AFlO PIA 
CAMEHA HEAP SIJRASSYS(R'IGHT COLIjMN) 

1025. 036-036- 35 > PIA FRAME YOKF DRIVE 

1026. 036-036- 36 > NA L I N E  YOKE DRIVE 

1027. 036-0360 37 > NA HVM SYNC 



TABLE 1. E L E C T R I C A L  I N T E R F A C E  C f  R C l l I T S  
MJS77 (CONTI  

ITEM SUB SUB NO FLOW C I R C U I T  NAME 

I SS 9 I S S  

036-036- 39 > NA 

036-036- 40 > N A  

036-036- 41 < NP 

036-036- 42 NA 

036-0369 74 > W A  

036-036- 75 > W A  

036-036- 76 > W A  

036-0360 77 > W A  

036-036- 78 > W A  

036-036- 79 > W A  

036-036- RO < W A  

0360036- 81 W A  

FEG ( C / H )  

CAL I B R A T E  

CAMERA HEAn VYDEO 

I N T E R L O C K  

FRAME YOKE D R I V E  

L I N E  YOKE D R I V t  

HVM SYNC 

BEON 

FEC (C/HJ 

C A L I R R A T E  

CAMERA HE4n V3f)EO 

I N T E R L O C K  

NASA - JPL - Cornl, L.A.. -In. 
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FUNCTIONAL REQUIREMENT AMENDMENT 
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TITLE: I FRNo. MJS77-3-lZOB 

FUNCTIONAL REQUIREMENT 1 AMENDMENT No. 1 

PER ECR No. 36847 
-. - - .  

DESCRIPTION OF CHANGE: 

MARINER JUPITER/SATURN 1 977 

SPACECRAFT FLIGHT SEQUENCE IMPLEMENTATION 

Add to  Table  2 ,  page 5, i t e m  2. "Data Handling Blocks,  " the following: 
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Pe r iod i c  Engineer ing 
and sc ience  
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P rov ide s  f o r  per iodic  engineer ing 
commuta to r  f o r m a t  changes  to  
obtain engineer ing and sc ience  
(PRA, LECP ,  MAG) ca l ib ra t ion  
data .  



' ( Inser t  in 6 18-205, MJS77 Functional 
Requirements Book) 

Custodian: D. M. Durham 
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System: 

~ O A H  
D. M. Durham 

JET PROPULSION LABORATORY 

No. MJS77- 3- 120 B 

12 May 1977 
Supersedes 

MJS77-3- 120A 
16 Sept 1976 

FUNCTIONAL REQUIREMENT 

MARINER JUPITERISATURN 1977 

SPACECRAFT FLIGHT SEQUENCE IMPLEMENTATION 

:% Denotes changes f rom previous i ssue .  

1 . 0  SCOPE 

This document descr ibes  the implementation of spacecraf t  (S/  C) 
capabilities to c a r r y  out the operations required for  the baseline 
Jupi ter-  Saturn- Titan (JST) and Jupi ter-  Saturn- Optional (JSX) Flight 
Sequences. The JSX Flight Sequence shal l  have the option of a n  
extended mission to  Uranus dependent on the performance of both 
miss ion  modules.  The Block concept i s  described and the cu r ren t  
Block l i s t  i s  maintained in this  document. 

2 .0  APPLICABLE DOCUMENTS 

The following documents form a pa r t  of this  functional requirement .  

Page 1 of 44 



NOTE 

MJS77-3 - 100, Spacecraft Requirements and Constraints, apply 
to this document. Requirements of other Mariner JupiterISaturn 
1977 (MJS77) level three documents may also be applicable. It i s  
the responsibility of the user  to adequately acquaint himself with 
the organization and pertinent content of the level three documents, 
a s  well as  with the material contained herein. 

REQUIREMENTS 

Jet  Propulsion Laboratory 

OTHER DOCUMENTS 

Jet Propulsion Laboratory 

618-51, Rev. C 

618-53, Rev. B 

3.0 INTRODUCTION 

3.1 Abbreviations 

Mariner Jupiter /Saturn 1977 
Functional Requirements Book 
Introduction 

Functional Requirement, Mariner 
Jupiter /Saturn 1977 Spacecraft 
Requirements and Constraints 

Functional Requirement, Mariner 
Jupiter / Saturn 1 977 C omrnand 
Structure and Assignments 

Functional Requirement, Mariner 
Jupiter / Saturn 1 977 Software 
Requirements 

Mariner Jupiter /Saturn 1 977 
Mission and Science Requirements 
Document 

Mariner Jupiter /Saturn 1977 
Mission Plan 

Mariner Jupiter / Saturn 1977 
Spacecraft Block Dictionary 

The abbreviations found in the tables and figures of this document a r e  
defined in MJS77-1-100. 



3.2 Flight Sequences 

As a minimum, the MJS77 SIC shall be capable of performing the 
blocks defined in Section 4.0. The SIC design shall a s  a minimum 
also permit accomplishing the flight sequence summarized in 
Section 5.0. 

3.3 Implementation 

The flight sequence is  responsive to the mission requirements 
specified in the Mission Requirements Document 6 18-5 1, Rev. C 
and to the Mission Plan Document 6 18 -53, Rev. B which provides 
example mis sion profiles that implement those mis sion require - 
ments. Its structure shall be such that it  can be described wholly 
in t e rms  of single commands /events and blocks. 

4.0 DEFINITION OF SPACECRAFT CAPABILITIES 

4.1 Single Commands /Events 

Single commands a r e  those individual commands gene rated by the 
computer command subsystem (CCS), which a r e  defined in MJS77- 
3 -290, Command Structure and Assignments . Single events a r e  
those subsystem-to-subsystem signals or  control words which a r e  
generated by means other than the CCS. 

4.2 Blocks 

4.2.1 Definition 

A block is defined a s  a sequence of CGS commands and/or spacecraft 
events, with a well defined time interrelationship, that performs 
some spacecraft function. Blocks a r e  used to implement "normal1' 
flight sequences and do not consider failure modes of operation. 

4.2.2 Block Description 

A block will be determined by the specification of all of the 
requirements to be satisfied by the block and describes the block 
sequence of events a t  a functional level including a s tar t  time, 
a set of time variables, and a set of SIC parameters. 

The MJS77 Spacecraft Block Dictionary, 6 18-212, contains a 
description of each block, listing the required inputs, S/C 
initial conditions, SIC final conditions, and any constraint 
applicable to the implementation of the defined sequence. The 
blocks a r e  classified according to the type of function they a r e  
satisfying. These classes a r e  identified in Table 1 .  



MJS77-3-120B 

Table 1 .  Block Classification 

Table 2 i s  the controlling l i s t  of Blocks. The detailed block design 
shall be consistent with the spacecraft  software specified in 
MJS77 -3 - 3  10, Software Requirements. 

Class 

I 

2 

3 

4 

5 

6 

7 

8 

5.0 REQUIRED SPACECRAFT OPERATIONS 

Block Type 

Telecommunication 

Data Handling 

Attitude Control 

Data Storage 

Science Scan Platform 

Science 

Engineering Sequence 

Science Sequence 

Description 

The required SIC operations a r e  defined here a s  those functions 
necessary  to  meet  the requirements set  forth in 6 18-5 1, Rev. C ,  
Mis sion and Science Requirements Document. The operations 
described herein a r e  categorized by mission phase and a r e  
consistent with the mission implementation described in 618-53, 
Rev. B. 

5.2 Mission Phases 

5.2.1 Launch Phase 

The launch phase is defined a s  the t ime period between CCS 
initialization and Canopus acquisition. This phase i s  characterized 
by the launch phase sequence shown in Figure 1. The detailed launch 
sequence, including pre-lift off activities, SIC launch events, and 
initial science instrument turn on events, a r e  listed in Table 3. 

NOTE 

Time of events relative to "L-time" and 'IT-time" presented in 
Figure 1 and Table 3 a r e  launch daylar r iva l  day and trajectory 
dependent. Events initiated after the parking orbit coast, due 
to coast t ime variance, may vary in rea l  t ime as  much as 5 min- 
utes over the launch period for a particular launch day. The 
relative time of occurrence between events after the parking 
orbit coast, however, will remain the same.  



* Table 2 .  Blocks 

I 1. Telecommunication Blocks I 
Number Name 

1 .1  

Description 

1 . 2  

HGA Pointing With Sun 
Sensors 

2 .  Data Handling Blocks 

With the Sun and Canopus acquired the 
AACS sun sensors a r e  biased so a s  to pro- 
vide the desired HGA pointing direction. 

Telecommunications 
Configuration 

FDS Readout 

AACS Readout 

RFS, MDS, and SXA a r e  configured to 
meet a specific set of downlink 
requirements . 

A partial or  complete readout of the FDS 
memories i s  performed. 

A partial or complete readout of the AACS 
memories i s  performed. 

CCS Readout A partial or complete readout of the CCS 
memories i s  performed. 

FDS-ISS Parameter  
Table Switching 

Switches set  of ISS parameter tables 
within FDS 1 2.5 1 FDS Memory Load Performs a software (write protect over- 
ride) load of the secondary FDS memory. 

I 2 * 6  I FDS Memory Control 
Transfer  

3 .  Attitude Control Blocks 

Sun Acquisition (Deleted) 

Performs a synchronous FDS memory con- 
figuration change. 

2 . 9  

Star Acquisition 

Commanded Turn 

A roll maneuver i s  executed by the MM to 
search for and acquire a reference star  by 
the CST. 

FDS Memory Copy 

Provides capability to turn MM at a rate of 
.rrmrad/sec around any one of i ts  three axes. 

Copies FDS primary memory to FDS sec - 
ondary memory. 

Inertial Reference I (Deleted) 
Calibration 

/ AACS Memory Load 1 An AACS memory load i s  performed. I 



Table  2. Blocks (cont td )  

Number Name 

1 

Descr ipt ion 

4. Data Storage Blocks 

The DSS tape i s  positioned to  a given 
location p r io r  t o  recording o r  playback. 

Recorded data  i s  played back f r o m  the DSS. 

Data i s  recorded  on the DSS tape under 
control  of the  CCS. 

4.1 

4 . 2  

4 . 3  

Tape Positioning 

Playback 

Record  

5. Science Scan P l a t fo rm Blocks 

5.1 

5.2 

5 .3  

P l a t fo rm Posit ion 

P l a t fo rm Scan 

P l a t fo rm Mosaic 

Science scan  pla t form i s  positioned in  
azimuth a n d / o r  elevation. 

Provides  for  a s e r i e s  of p la t form move - 
ment s  along a single s t r i p  with options of 
per iodic  depa r tu re s  f r o m  that  s t r ip .  

Prov ides  fo r  a s e r i e s  of paral le l  p la t form 
movements  . 

6 .  Science Blocks 

6 .  1 

6 . 2  

6 .  3 

6 . 4  

6 . 5  

N- P i c tu re  Imaging 

MAG In- Flight 
Calibration 

ISS Long Exposure 

ISS Optical 
Calibration 

P L S  In- Flight 
Calibration 

Accomplishes a planned shuttering / r ead -  
out sequence for  N images  

Shall pe r fo rm a n  in-flight calibration of 
the magnetometer  o r  pe r fo rm a boom 
alignment calibration.  

The FDS i s  configured to  pe rmi t  long 
exposure t i m e s  for  imaging. 

NA and WA c a m e r a s  a r e  cal ibrated using 
the cal ibrat ion l amps .  

Allow for  in-flight cal ibrat ion of the PLS.  



* Table 2. Blocks (cont'd) 

7. Engineering Sequence Blocks 

SS-HGA Calibration 

De sc  ription Number 

Platform Calibration 

Name 

Trajectory Correc-  
tion Maneuver 

Optical Navigation 
Imaging 

Canopus Tracke r  
Calibration 

Real- Time Engineer - 
ing Data Acquisition. 

TCM Thrus ter -Ear th  
Line Calibration 

The sun sensor s  and HGA a r e  calibrated 
by stepping the sun sensor  bias o r  updating 
the gyro dr if t  and observing the resulting 
change in  downlink X-band signal strength. 

( Deleted) 

A propulsive maneuver i s  performed. 

( Deleted) 

( Deleted) 

(Deleted) 

(See Blk ES3) 

I 8. Science Sequence Blocks 

Cruise Science 
Maneuver 

Science Targe t  
Cali bration 

PPS-Brewster  Plate  
Calibration 

Radio Science 
Maneuver 

Radio Tracking 

Integrated Science 
Scan 

Integrated Science 
Mosaic 

Data Acquisition 

Recorded Data 
Acquisition 

A non-propulsive maneuver i s  per formed 
for  science observations and calibrations. 

A non-propulsive maneuver is performed 
for  optical science intrument calibration. 

The MM i s  maneuvered to allow the P P S  to 
observe the Brewster  plate for  calibration 
purposes.  

During Ear th  occultation a t  Jupiter and 
Saturn, the virtual image of the Ea r th  on 
the planets l imb i s  tracked. UVS solar  
occultation is  a l so  observed. 

( Deleted) 

(Deleted) 

( Deleted) 

(Deleted) 

( Deleted) 
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*Table 2. Blocks (contd) 

Description Number Name 

8. Science Sequence Blocks (contd) 

Allows a group of blocks and /o r  individual 
commands to be identified a s  a cyclic. 

(See Blk 6 . 2 )  

(See Blk 6 .4 )  

Allows for  genera l  sc ience ins t rument  
calibrations.  

(See Blk 6.  5 )  

(Deleted)  

Allows for  in-flight cal ibra t ion of the P P S  
and MIRIS Science ins t ruments .  

(Deleted)  

SSlO 

SSl 1 

SS12 

SS13 

SS14 

SS15 

SS16 

SS17 

Sequence Cyclic 

MAG In-Flight  
Calibration 

ISS Optical Lamp 
Calibration 

Cru ise  Science 
Ins t rument  Calibration 

PLS Calibration 

UVS Slit Alignment 

PPS/MIRIS In-Flight 
Calibration 

Simultaneous Al te r  - 
nating with NA Imaging 
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'* Figure 1 .  Launch Phase 



t COMMANDED PITCH TURN 
OF 114 DEGREES 

AACS SWITCH TO - i 1.0 DEGREE DEAD 
O BAND AND 5 LBf I ENGINE CONTROL 

f SLEW SCAN PLATFORM 

I DEPLOY SCIENCE AND RTG BOOMS 

PM BURN I 
I 
I 
I 
I 
I 
I 

I 
I JETTISON PM 

I I 
I 
I I 1 I I I I 1 I 1 I I 

4 l = o  60 120 180 240 300 360 420 480 540 
SECONDS RELATIVE TO INJECTION 

4 r, * Figure 1. Launch Phase (conttd) 



f DEPLOY MAG. BOOM 
MAG BOOM DEPLOYED t 

MINUTES FROM INJECTION 

BEGIN SUN 
ACQUISITION 

A A 
SUN DATA 

PLAY BACK 

z,m I 
0 0 

X &s 

MINUTES FROM INJECTION 

* Figure 1. Launch Phase (cont'd) 



* Table 3 .  MJS77 Launch Sequence of Events 

KEY: T h e  following sequence  sha l l  bc  cons ide red  a s  t he  P r o j e c t ' s  base l ine  l aunch  sequence .  T h e  event  t i m e s  w e r e  d e r i v e d  f o r  an  August 20, 1977 h u n c h  
with a  Jupi ter  a r r i v a l  da t e  of m i d  July  1979. Be tween  even t s  5 2 . 0  through 158.5 ,  a l l  CCS even t s  a r e  i s s u e d  in p a r a l l e l  except  f o r  cvcn t s  108.5 ,  
149. 1 ,  149.2 ,  and 162. 1, which a r e  i s s u e d  by CCS p r o c e s s o r  A only .  T - t i m e  i s  t i m e  f r o m  l i f t  off but includes  2  scheduled holds  of 1  hour  .ind of 
10 minu te s  du ra t ions .  L - t i m e  i s  e s sen t i a l l y  r e a l  t i m e  f r o m  l i f t  off and  h a s  n o  schedu led  holds .  T o  i l l u s t r a t e  the  d i f f e rence  between ' L - t i m r '  and  
' T - t i m e ' ,  t h e s e  a r e  used in t he  sequence  p r i o r  t o  CCS r e s e t  (Even t  No. 5 2 . 0 )  a t  which t i m e  succeeding even t s  wi l l  g e n e r a l l y  be  given r e l a t ive  to  
injection (hr:min:sec).  T i m e s  schedu led  be fo re  t h e  6 0  m i n u t e  hold (Event  No. 32. 0)  a r e  r e p r e s e n t a t i v e  only. (Do no t  h a v e  to bc a b e r r a n t l y  h e l d . )  
Supplemental  T a b l e s  3a and 3b follow T a b l e  3 and  d e s c r i b e  l aunch  dependent  v a r i a b l e s  and updates  t o  the F C P  ini t ia l iza t ion t ab l e ,  r e s p r c t i v e l y .  

r I I I I I I I I 

Event 
No. 

0 .0  

0 . 5  

Source 

L C E  

1.0  LCE 

2.0 

3.0 

4 .0  

R F  

UMB 

UMB 

UMB 

UMB 

ccs 

Via 

LCE 

L C E  

L C E  

I 
! 

P W R  

P R O P  

PWR 

P M'R 

PWR 

PWR 6. 0 

Relay  conf igu ra t ion  rou t ine  

Flydraaine  tank IITRS on 

I. S /  C t u r n  on: t e l e m e t r y  
conf igurat ion 

Dest i -  
nation 

LCE 

I I P U  ba t t e ry  HTRS on 1 1 Switch to  m a i n  i n v e r t e r  1 

Command  
ID 

Unshor t  RTGs  

I 8.0 1 L C E  I UMB I FDS I CCO6A I Se t  FDS s t a t e  vec to r  I 

C o m m a n d /  Event  C o m m e n t s  

T h e  AACS and CCS launch loads  mus t  he 
loaded p r i o r  t o  launch day 

SC conf igurat ion will be  p e r f o r m e d  p r i o r  to 
SC t u r n  off on day be fo re  liftoff;  s e t s  s e c -  
o n d a r y  swi t ches ;  r e s e t s  p r i m a r y  swi t ches :  
s e l e c t s  p r i m a r y  uni ts  except  fo r  AACS  roc/ 
m e m  2, S-hand t r a n s m i t t e r  2 ,  and  X-hand 
t r a n s m i t t e r  2, PWR-PYRO-FDS-MDS-DSS- 
RFS-AACS c o m m a n d  enah le s ;  S -  and X-hand 
TWTA low power:  2-way non-coherent  o f f  
( e n a b l e s  VCOI; I,(;A se l ec t ed ;  FDS power  
on / ISS  power  enabled.  

T u r n e d  on a s  soon a s  S I C  i s  on pad: iio o f f  
when T - 4  s e c  umbi l i ca l  i s  pul led 

T - T i m e  

C;o off when T - 4  s e c  UMB i s  pulled 

Rela t ive  
T i m e  

S I C  power  o n ;  As  SC powr r  c u m e s  up, the  
CCS will  p e r f o r n i  PWRCHK and a u t o m a t i -  
ca l ly  s t a r t  scndlng thc  f o l l u w i n ~  c o m m a n d s  
I n  4 seconds  and  on L O O  n i s  c e n t e r s :  

S-band ranging off ( D C  LAR) 
X-band XMTR off (CCZGRP)  
S-band XMTR of (CCZKRP)  
S-band e x c i t e r  off (CCLMRP)  
X-hand ranging ufI (DCZNRI 
2-Way Non-coherent  off (DCLPRI 
' IMU off ( C C 3 R R P l  
P K A I P W S  antenna deploy m o t o r  

off (CC2LHRP)  
NOP 
Enab le  and check p o \ \ ~ r  cudes :  

A l t e r  d 10 minu te  d r l a v  lnomina l  vdlur l ,  tlic. 
following 4  c o m m a n d s  will  be s e n t  (in I s f c -  
ond c e n t e r s :  

U V  t r i p  r e s e t  (CC4AI 
TMU on I CC3UP)  
S -band  XMTR on iCC2KPl  
S-hand e x c i t e r  on (CCLMPI.  

5 CMDS: ICC06AA; CC06AB; CC06AC: 
CCOhAD; CC06AE) / 9.0 ( L C E  1 UMB / FDS 1 ( S t a r t  loading FDS m e m o r y  1 T 6 : 4 7 : ? 0  / L-7:57:3O 1 Loading t a k e s  approx .  3 m in :  load in LN-12 
m o d e  and  l aunch  t ab l e s  



$ Table 3 .  MJS77 Launch Sequence of Events (cont'd) 



Table 3.  MJS77 Launch Sequence of Events (contld) 

Event 
No. 

Source 

LCE 

LCE 

LCE 

LCE 

LCE 

LCE 

LC E 

LC E 

LC E 

LCF: 

Via 

CCS 1 
PWR 

CCS 

CCS 

CCS 

%Y 
ccs 

UMB 

CCS 

ccs 

CCSI 
PWR 

Des t i -  
nation 

AACS 

AACS 

AACS 

FDS 

DSS 

DSS 

P R O P  

AACS 

AACS 

PYRO 

Command 
ID 

PROCIMEM 1 s e l e c t  

PROCIMEM 1 readout  
( s t a r t )  

PROCIMEM 1 readout  
(stop) 

FDS mode s e l e c t  

11. P r e  - l i f t  off: l i f t  off 

Slew to  EOT 

DSS a t  EOT 

Scheduled T - T i m e  hold 
minutes  long) 

T - T i m e  count  r e s u m e s  

Check  SRM safe  and a r m  

Init ial ize AACS posi t ion 

Gyro  fault  t e s t  s t a r t  

PSU ~ n s t r u m e n t a t i o n  on 

Relat ive 
T i m e  

L-5:03:00 

L-5:02:45 

Comments  

- - 

Follows PROCIMEM 2 readout  

Se lec t  LN-12 da ta  mode a t  end of 
readout  

Balance heavy d a m p e r  on lef t  r e e l  
by having tape on r igh t  r e e l  

DSS to  r e a d y  mode:  m a x i m u m  
t ime f o r  DSS to  r e a c h  EOT. 

Begin countdown t e s t  sequence 
(T-10  to  T=O). Send CMDs to  
in i t i a l ize  SIC to  T-10;  send 
SCObBB 320040 (LN-40 m o d e ) ;  
send  CC3A 28101 (low f requency ,  
low da ta  r a t e ) ;  send  s imula ted  
a r m  CMDs; ini t iate  CCS Launch  
~ o l d / ~ e s e t  routine;  v e r i f y  CCS 
event  counter ;  hydraz ine  tank 
and b a t t e r y  h e a t e r s  OFF; a b o r t  
L H I R  routine;  begin pad evac-  
uat ion 30 minutes  into hold; 
reconf igure  S I C  to  T-1:55:00. 

Tankage begins a f t e r  sa fe  and  a r m  

P e r m i t s  e a r t h  r a t e  observa t ions  

C o m p a r e s  common a x i s  

Switches 2 . 4  kHz power to  PSU 
instrumentat ion 



)C Table 3 .  MJS77 Launch Sequence of Events (cont 'd) 

::: 

* 

::: 

* 

* 
:: 

:: 

i: 
+. 
UI ::; 

::: 

E z t  

43.0 

44.0 

45.0 

45.5 

46.0 

47.0 

48.0 

49.0 

49.5 

49.6 

50.0 

5 0 . 5  

5 1 . 0  

52.  0 

Source 

L C E  

L C E  

L C E  

L C E  

L C E  

L C E  

L C E  

L C E  

L C E  

L C E  

LCE 

LCE 

L C E  

Via 

CCS/ 
PWR 

CCS/ 
PWR 

CCS/ 
PWR 

CCS 

CCS 

CCS 

CCS 

CCS 

R F  

R F  

R F  

UMB 

R F  

Des t i -  
nat ion 

P R O P  

P R O P  

P R O P  

MDS 

FDS 

PWR 

PWR 

PWR 

CCS 

CCS 

CCSI 
AACS 

P R O P  

CCS 

Command 
ID 

CClOF 

CClOH 

CClOG 

CC3A 
28101 

SC06BB 
320040 

CC4K 

CC4L 

CC4M 

DC5A 

CC7GY 
5 

Command/Event  

IPU valve HTRS on 

IPU r e d i d a n t  va lve  HTRS 
o n  

I P U  t h r u s t e r  HTRS on 

TMU s t a t e  se lec t  

FDS m o d e  se lec t  

R T G  1 diode bypass  on  

RTG 2 diode bypass  on  

RTG 3 diode bypass  on 

CCS Lnitialization 

S e t s  Tolerance  Detec tor  
O v e r r i d e  

Scheduled T - T i m e  hold 
(1 0 minutes  long) 

Gyro  Fault  Tes t  Stop 

Solid propellant  motor  a r m  

Init iate  CCS Launch  Hold/  
R e s e t  Routine 

T - T i m e  

T-0:45:00 

T -0:40:00 

T-0:35:00 

T-0:35:00 

T-0:10:00 

T-0:10:00 

T-0:09:00 

T-0:08:30 

Relat ive 
T i m e  

L-0:55:00 

L-0:50:00 

L-0:45:00 

L-0:45:00 

L-0:20:00 

L-0:20:00 

L-0:Oq:OO 

L-0:08:30 

Comments  

Also provides  hea t  to TCAPU l ine  
and hydraz ine  disconnect  (HD) 

Also  provides  hea t  to TCAPU l ine  
and  HD 

S-band low r a t e  da ta  channel  and low 
s u b c a r r i e r  f requency  (Dr iver  1 
a c t i v e  only)  

LN-40 m o d e  

S h o r t s  out  RTG isolat ion diode 

G e n e r a t e s  checksum of CCS 

S e t s  ind ica tor  in  CCS s ta tus  

F i n a l  planned LV update o c c u r s  
within t h i s  hold 

F o r  second launch only 

CCS c locks  ini t ial ized;  CCS in  seconds  
m o d e  with t i m e  window opening approx.  
T t 5 5 M ;  PYRO, RFS and MAM commands  
inhibited; DSS s t a t e  se lec t  ( r e c o r d  7 .2  
kbps;  r e v e r s e :  T r a c k  6 ) ;  no da ta  being 
sen t  b y  FDS f o r  record ing .  In the  
event of a n  unexpected hold ground 
CMD of DSS to  r e a d y  mode  m a y  be  
n e c e s s a r y ;  Lnitialize AACS posi t ion to 
o b s e r v e d  lift-off r a t e s  and ini t iate  
hea tbea t  a lgor i thm;  (equivalent to the  
following 3 CMDs a r e  s t o r e d  i n  the 
h e a r t b e a t  f a i l u r e  table: CC7CT 05; 
AC7DDB 2000; AC7MDP 1);  S t a r t  CCS 
f a s t  c lock  t e s t ;  Send CMD DC5AR t o  
r e s e t  to le rance  de tec tor  over r ide .  
Maximum hold the  S I C  can to le ra te  
b e f o r e  rese t t ing  CCS i s  40 minutes  
(27 minutes  for  second launch) 

I 

I 



# Table 3 .  MJS77 Launch Sequence of Events (cont 'd) 

:I: S/C Status a t  T - 8m 30s (af ter  CCS Initialization Routine) 

Status 

1 
LGA 
Off 
Off 
VCO 

1 
2 
On 
Low 
Off 

1 
2 
Off 
Low 
Off 

A 
A 
On 

281 0 
1 On, 2 Off 
Low subcar r ie r  frequency 
Low ra te  

4710 
1 On, 2 Off 
High subcar r ie r  frequency 

Off 
On 
Main 
Unshorted 
On 

Unmasked 
Unmasked 
Unmasked 
Seconds, Para l le l  
RFS, PYRO MAM 
Enabled 

E L  (40 bps) 

Subsystem 

RFS 

MDS 

PWR 

CCS 

FDS 
Engineering mode Launch 
FDS processor  A 

Function 

Receiver 
Antenna 
us0 
2 -Way non-coherent mode 
Downlink frequency source 

S -band 
Exci ter  select  
Transmi t te r  select  
Power on/off 
Power mode select  
Ranging 

X -band 
Exci ter  select 
Transmi t te r  select, 
Power on/off 
Power mode select  
Ranging 

CDU select  
TMU select 
TMU power 

S-band 
Mod. index 
Driver  select 
Subcarr ie r  
Data channel 

X-band 
Mod. index 
Driver  select 
Subcarr ie r  

Bat ter ies  A, B 
RTG diode bypass 
2 . 4  kHz inver te r  
RTG short  relay 
Battery heaters  

Internal interrupts  
Lock indicator (P  and S)  
Bit timing (P  and S)  
CCS mode 
Command inhibited to 
All automatic routines except 

R F  loss,  MIRIS switch and 
CCS tolerance detector 

Basic mode 



Table 3. MJS77 Launch Sequence of Events (contd) 

S I C  Status a t  T - 8m 30s (a f te r  CCS Initialization Routine) 

Subsystem 

AACS 

Function 

4$ 

FDS p r i m a r y  m e m o r y  
AACS data 
AACS TLM mode 
FDS timing chain 
FDS power converter 
FDS t ransducer  power 
FDS MDS 110 logic 
CRS 110  logic 
L E C P  110 logic 
L E C P  mode 
MAG 1/0 logic 
FDS P and S memory  protect 

P r i m a r y  Memory 
lower half 
upper half 

Secondary m e m o r y  
lower half 
upper half 

FDS 
( contd) 

FCPIMEM in use  
AACS mode 

FDS channel select  
H Y B I C / S ~ ~  s e n s o r s  (SS) 
SS gates  (VSS = volts a t  SS) 

High 
Low 

SS hea te r s  
Sun point 
SS bias 

pitch 
Yaw 

CST power 
Cone angle position (CST) 

CST gate (VT = volts a t  
t r a c k e r )  

CST sun shut ter  
Canopus s e a r c h  
DRIRU capture r a t e  
Gyros powered 

Status 

A 
Data 1 (Two for  VGR77-2) 
TLM readout 
A 
A 
On 
A 
A 
A (B f o r  2nd launch) 
F a r  encounter 
A 
On 

location 0-OBFF 
location 1000-IDFF 

location 0-OBFF 
location 1000-IDFF 

1 (Two for  VGR77-2) 
Launch (matches FDS 

t r e e  switch ID C 1 ) 
A 
1 (Two for  VGR77-2) 

9 * 6 V ~ ~  Typical 8.4 VSS 
A & B off 
Enabled 

-11" 
f l 1 °  
Disabled 
C5 (Good f o r  8 /20  through 

8130177; See Table 
3A(I ) for  other  info) 

HG = 7.5 VT 

LG4= 11.6 GT 
On 
Disabled 
Low 
B and C On, A Off 



Table  3. MJS77 Launch Sequence of Events  (contd) 

S / C  Status at T - 8m 30s (af ter  CCS Init ial ization Routine) 

Subsystem 

AACS 
(contd) 

PYRO 

P R O P  

Funct ion 

Gyro  u sage  pa t te rn  
pi tch 
Yaw 
r 011 

DRIRU d r i f t  update 
AACS deadband 
Scan posit ion 

A Z  s c a n  ac tua tor  hea t e r  
AZ scan  ac tua tor  coil  hea t e r  
I S 0  valve  s ta tus  

power  
k~ P / Y  ISO valve Branch 
A P  r o l l  IS0 va lve  
TCM P IS0  va lve  
A P  P /Y  IS0  va lve  Branch 
A P  r o l l  IS0  valve  
TCM Y I S 0  va lve  

TCAPU faul t  t e s t  
R a t e  TLM scaling 

Ins t rumentat ion 
PSU A, B 
PYRO/ TCAPU/ CCS State 
Capacitor bank A, B 

Solid rocket  motor  
IPU-REA I S 0  valves 
I P U  valve h e a t e r s  
IPU redundant valve h e a t e r s  
IPU t h r u s t e r  h e a t e r s  
A P  BR 1 & 2 Hea t e r s  
Hydrazine tank h e a t e r s  
TCM h e a t e r s  
Hydrazine tank T e m p  
A P  P & Y BR 1 I S 0  valve 
A P  R B R l I S O v a l v e  
TCM I S 0  valves  
A P  BR 2 I S 0  valves  
TCM line and Bracket  HTR 

Magnetometer boom 
Science boom 

1 RTG boom 

Status I 

Off 
Off 

Off 
Open 
Open 
Closed  
Closed  
Closed  
Closed 
Disabled 
Shift r igh t  4 (P, Y, R )  

On 
Off 
Safe 
Discharged (1 .5  vol ts)  

A r m  
Open 
On 
On 
On 
Off 
On 
Off 
95-100°F  
Open 
Open 
Closed 
Closed 
Off 

Stowed/ Latched 
Stowed/ Latched 1 * 

Stowed/ Latched 
I 

i 



Table 3. MJS77 Launch Sequence of Events (contd) 

SIC Status a t  T - 8 m  30s (after CCS Initialization Routine) 

S IC  Separation 
(contd) I DEV I P M  Jet t ison 

Subsystem 

I 
DSS 

Function 

PRA 

Status 

$c 

1 DTR - 2.4 m z  power 
Mode 
Rate  
Pos i t  ion 
Direction 
T r a c k  
Replacement hea ter  

CRS 30 Vdc CRS power 
30 Vdc CRS replacement hea ter  
30 Vdc CRS supplemental 

heater  
High Voltage 

Antenna 
2 . 4  kHz PRA power 
30 Vdc antenna deploy motor  

Not separated 
Not s eparated 

On 
Record 
7.2 kbps 
EOT 
Rever se  
6 
Off 

Off (Low voltage mode i f  
Off instrument  turns  on) 
Off 

Off 

Stowed 
Off 
Off 

I PWS 1 2 . 4  k ~ z  PWS power I Off 

P P S  

2 . 4  kHz L E C P  power 

30 Vdc s tepper  motor  power 
30 Vdc L E C P  replacement 

heater  
30 Vdc L E C P  main  

supplemental heater  
30 Vdc L E C P  LEPT 

supplemental heater  
Mode 

30 Vdc P P S  power 

30 Vdc replacement heater  
F i l t e r  wheel position 
Aperture wheel position 
Polarization analyzer  wheel 

positon 

Off ( Low voltage mode if 
instrument  turns  on) 

Off 
Off 

Off 

Off 

Off (High voltage mode if 
intrurnent turns  on) 

Off 
F i l t e r  5 
Aperture 4 (1116" FOV) 
Analyzer 4  (Dark  slide) 



Table 3. MJS77 Launch Sequence of Events (contd) 

SIC Status a t  T - 8 m  30s (after CCS Initialization Routine) 

Function 

2 .4  kHz PLS power 

30 Vdc supplemental heater  
30 Vdc replacement  heater  

2 . 4  kHz UVS power 

30 Vdc replacement  heater  
High voltage mode 

2.4 kHz MAG power 
2.4 kHz Standby powe r 
2 .4 kHz flipper power 
2.4 kHz MAG sensor  heater  
MAG coil current  

2 .4 kHz ISS power 

NA fi l ter  position 
WA fi l ter  position 
NA optics heater  
NA VID R E P L  heater  
NA ELEC R E P L  heater  
WA VID REPL heater  
WA ELEC REPL heater  
Shuttering 
Fi l te r  wheel stepping 

2 . 4  kHz IRIS power 
2 . 4  kHz IRIS standby power 
IRIS dust cover 
Flashoff heater  
REPL heater  

Bay 1 & Bay 819 HTR 
Bay 2 HTR 
Bay 6 HTR A 
Bay 6 HTR B 
SCNPLT SUP HTRS 

Status I 
Off (Low voltage mode if 

instrument turns on) 
Off 
Off 

Off (Low voltage mode if 
instrument turns on) 

Off 
Off 

Off 
Off 
Off 
Off 
Off 

Off (High voltage mode if 
instrument  turns on) 

0 ( c l e a r )  
2 ( c l e a r )  
Off 
Off 
Off 
Off 
Off 
Inhibited 
Inhibited 

Off 
Off 
Latched 
Off 
Off 

Off 
Off 
Off 
Off 
Off 



MJS77 Launch Sequence of Events (cont 'd) 

Command /Event  +- I 
CCS Readiness  verif icat ion 

Drop  uplink 

Hydrazine tank and ba t te ry  
HTRS off 

State 0 ignition 

Lift off 

Vent RTGs 

Stage 0 shutdown 

Stage 1 ignition 

Stage 0 separa t ion  

Stage 1 shutdown 

Stage 1/11 separa t ion  
Stage I1 ignition 

Centaur s tandard  shroud  
jet t ison 

Stage I1 shutdown 

Stage I I ICentaur  
separa t ion  

MESl 

MECOl /begin P O  coas t  

Minimum RTG power a f te r  
vent 

Gyro  fault  t e s t  s t a r t  

E n t e r  e a r t h  shadow 

Gyro  fault t e s t  s top 

T i m e  I Comments  I 
Succeeding events  a r e  i s sued  a t  the 
denoted t i m e s  re la t ive  to P M  burn 

read iness  f o r  launch. 

I I CDU s u b c a r r i e r  lock dropped. 

I HTRS off a s  a  r e s u l t  of T-4  s e c  
UMB pulled 

/ T = 0 UMB pulled I 

P r e s s u r e  r e l e a s e  device ac tua tes  
when t h e  p r e s s u r e  differential  f r o m  
inside the  device to  the e x t e r n a l  
environment i s  10 p s i  (Approxi-  
m a t e l y  20, 000 ft. ) 

Shadow ent ry  v a r i e s  between 
T+0:37:30 and T+O:51:08 over  the 
launch period 

O c c u r s  before  MES2; 
o c c u r s  a t  T+O:47:00 f o r  second 
launch only 



Table 3.  MJS77 Launch Sequence of Events (cont'd) 

CCS 

ccs 

PWR PYRO 
PWR PYRO 

PWR P R O P  

PWR P R O P  

PWR P R O P  

PYRO PWR 

IV.  MES2 to separa t ion  

E a r l i e s t  MEC 02 Tt0:55:47 

Relat ive 
T i m e  

CCS separa t ion  window 
opens 

MES2 

~ ~ C O 2 / ~ o s t  MECOZ coas t  Tt0:58:30 I I 

T - T i m e  Command 
ID 

Tf0:51:00 

'It0:52:45 

CCSA 
CCSB 

Command/Event  

CClOFR 

CClOHR 

CCIOGR 

DC4T 

PY RO/TCAPU/CCS 
A r m  A on 
PY RO/TCAPU/CCS 
A r m  B on 

TMU s t a t e  se lec t  

FDS m o d e  s e l e c t  

P r o c e s s o r  CMD 

PSU A on 
PSU B on  

PYRO command enable 

IPU valve HTRS off I 

1 

IPU redundant  valve HTRS off 

I P U  t h r u s t e r  HTRS off 

Activate b a t t e r ~ e s  Z and B 

- 

Comments  

This  t i m e  i s  launch day 
independent .  

MES2 c a n  v a r y  between T+0:47:30 
and T+0:56:30 

F o r  20 August 1977 launch  

E a r l i e s t  MECO2 v a r y  between 
Tt0:53:30 and T t  1:02:30 f o r  launch 
per iod ;  pos t  MECO2 coas t  t i m e  i s  
185 seconds  up through Sept  12 
launches and  85 seconds  t h e r e a f t e r .  

Signal  f r o m  C e n t a u r ;  separa t ion  
o c c u r s  69 seconds a f t e r  s igna l  i s  
de tec ted  

O c c u r s  immedia te ly  a f t e r  Centaur 
s igna l ;  S-band high r a t e  da ta  channel  
and low s u b c a r r i e r  f requency  s ta te  
( D r i v e r  1 ac t ive  only)  

L N -  12 d a t a  m o d e  

CCS updates  t h e  F C P  Ini t ial izat ion 
Table:  Disab le  H e a r t b e a t  f a i l u r e  
r e s p o n s e .  A l l  upda tes  during launch  
sequence  t o  t h e  F C P  ini t ial izat ion 
t a b l e  a r e  loca ted  i n  Table  3b. 

PSU A on  and P S U  B on  a r e  within 
100 rns of each  o t h e r  f r o m  CCS 
output units  1 

T u r n  off I P U  va lve  and  t h r u s t e r  
h e a t e r s  a t  t h i s  t ime .  

I ssued  within 100 rns of e a c h  o t h e r  
f r o m  CCS output units  1 and  2 
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Table 3.  MJS77 Launch Sequence of Events (cont'd) 

Propuls ion  module burn  
out 

1-0:00:00 / PMBO (Injection) m a y  occur  a s  e a r l y  
I a s  57. 5 m l n  a f te r  launch o r  a s  la te  

a s  66 m l n  a f t e r  launch throughout 
the launch perlod. 

Comments  

95.5 ccs CCS P r o c e s s o r  CMD 

T - T i m e  ~ o m m a n d / ~ v e n t  

It0:00:04 CCS updates the f o l l o w ~ n g  CMDs In 1 1 
the F C P  I n l t l a l l ~ a t ~ o n  Table:  Enables  
Hear tbea t  f a ~ l u r e  Response,  AC7DDB 
9600, AC7MDP 3, CC7GY 2, and 
CC7GY 4. 

Relat ive 
T i m e  

I 

96.0 CCS 

Desti-  
nation Via 

E;;;t 

AACS AC7DDB AACS deadband update 
009600 

Command 
ID Source 

I+0:00:05 P ;  Y: R; deadhand to plus o r  mlnus  1 
1.0  d e g r e e s .  I 

I '37.0 CCS 

I 

AACS AC7MDP P o s t  burn modei5- lbf  
3 engine control  

It0:00:05 T u r n s  off  100-lbf engines 
CST sun shut te r  on 

98. 0 CCS AACS CC7GY Gyro fau l t  t e s t  s t a r t  
4 

I I 
I 99.0 1 CCS PWR P R O P  CCl  OF IPU valve HTRS on 

CCS AACS 

I 

AC7TCD Command t u r n  
11 1 
000658 

CClOH IPU redundant  valve HTRS on 

CClOD A P  BR 1 HTRS on 

Commanded pitch t u r n  of 114 
d e g r e e s  a t  2.88 d e g l s e c .  

CCS 

C CS 

CCS 

CCS 

CCS 

ccs 

CCS 

CCS 
- -- 

PWR P R O P  
I 

TCAPU Branch 1 redundant  HTRS 

DC12B2 R e l e a s e  RTG boom: s e t  2 

DCl2D R e l e a s e  sc ience  boom 

DClZBl R e l e a s e  RTG boom: s e t  I 

I End commanded t u r n  

PYRO I DEV 
1 

PYRO DEV 

1 Includes 60 seconds set t l ing t i m e  

PYRO 

Exit  e a r t h  shadow 

DEV 

Shadow exit  v a r i e s  between 
T+1:03:08 and Tt1:14:50. 

I ~ o o m s  deployed 

Slew to point a t  ca l ib ra t ion  t a r g e t  
(AZ 9 deg 26 min: EL 109 deg  
26 min) :  not  n e c e s s a r y  to  b e  c o m -  
pleted by e a r t h  shadow exit ;  P a r a m -  , 

I 
e t e r s  given f o r  the  s lew CMDs a r e  ' 
f o r  t h e  VCR-B S I C  only; VGR-A 
S I C  p a r a m e t e r s  a r e  loca ted  in  
T a b l e  3a(II), t h e s e  c o m m a n d s  
a r e  S I C  independent. Coi l  h e a t e r  
on  a f t e r  f i r s t  slew. 

TCAPU B r a n c h  1 redundant  h e a t e r s  off 
-- 

AC7SPM Slew s c a n  p l a t f o r m  ( E L )  
1012114103 I 
AC7SPK Slew s c a n  p la t form ( A Z )  
2011017099 



* Table 3 .  MJS77 Launch Sequence of Events (cont'd) 

x 

* 

c 

" 

* 

i r  

" 

* 

'r 

i 
* 

sr 

* 

Event 
No. 

108.5 

108.6 

108.7 

108.8 

109.0 

110.0 

111.0 

Source 

CCS 

CCS 

CCS 

CCS 

CCS 

CCS 

CCS 

Via 

PWR 

PWR 

l12 .0  1 CCs 

AACS 

112.5 

Desti-  
nat ion 

FDS 

C CS 

F DS 

CCS 

P R O P  

P R O P  

PYRO 

PYRO 

CCS C CS 

P R O P  

AACS 

AACS 

AACS 

I 

I 

Command 

ID / 

113.0 

113.2 

113.3 

113.4 

T - T i m e  

CCS updates the  following CMDs in  
the  F C P  Ini t ial izat ion Table:  
AC7DDB 4800 and AC7MDP 6, and 
CC7ML 09. 

Al l  a x e s  i n e r t i a l  mode;  TCAPU 
engine control ;  DRIRUs r e m a i n  a t  
high r a t e .  TCAPU p r i m a r y  t h r u s t e r  
h e a t e r s  on; s e t s  TCAPU MOT to  60  m s .  

Events  113.2, 113.3, 113.4 
updates the  S / C  r a t e  TLM 
s c a l e  f a c t o r  f o r  the MM at t i -  
tude cont ro l  modes.  

SC06AJ 
800 

SCO6AH 
0 

C C l  OFR 

C C l  OHR 

AC7MDP 
6 

AC7PAR 
7301 
673000 

AC7PAR 
7311 
673100 

AC7PAR 
7321 
673200 

CCS 

CCS 

CCS 

CCS 

Command/Event  

FDS ini t ial izat ion 

P r o c e s s o r  CMD 

Set  SCT 60 count 

Enables  DTR t i c  i n t e r r u p t s  

I P U  valve HTRS off 

IPU redundant  valve 
HTRS off I 

Seals  off P M  and opens compliance 
device  

Relat ive 
T i m e  

I+0:10:35 

I+0:10:35 

I+0:10:35 

I+0:10:35 

I+O:ll:05 

I+O:ll:09 

DClOB 

D C l 2 E  
J ! 

I+O:ll:17 

VI. PM jet t ison to  f i r s t  
c r u i s e  

P r o c e s s o r  CMD i i i I+O:ll:17 

i I 

Actuate IPU-REA I S 0  I 1+0:11:12 
valves I 

I 

Je t t i son  propulsion module 1 

I 

Mode control  

AACS P a r a m e t e r  Update 

AACS P a r a m e t e r  Update 1 

! 
AACS P a r a m e t e r  Update 

Comments  

S e t s  FDS l ine  count to 800; CCS h o u r s  
and  seconds  c locks  r e s e t  a t  nex t  
f r a m e  s t a r t .  Not a p a r a l l e l  CMD. 

R e s e t  CCS clock. 

S e t s  SCT 60 count to  a known position; 
follows FDS ini t ial izat ion;  a l s o  unmasks  
c r u i s e  i n t e r r u p t s  (e. g. ,  DTR);  s top  
CCS f a s t  clock test .  

DTR t i c  count  ini t ial ized a s  soon a s  tape  
h i t s  BOT o r  EOT 

I+O:ll:18 

I+O:ll:18 ! 

I+O:ll:18 

I+O:ll:18 

I 



Table 3 .  MJS77 Launch Sequence of Event (cont'd) 

T - T i m e  Relat ive 
T i m e  Comments  

Desti-  Command I via 1 nation I ID ( Command / Event Event I Uo. 
1 Source 

AC7RCB R e g i s t e r  Control  CMD I I AACs I I A s s u r e s  I S 0  va lves  in c o r r e c t  s ta te .  
Delete f o r  2nd launch. 

I I PWR I CC4A 

Undervoltage t r i p  r e s e t  Redundant CMDs in c a s e  of under -  
voltage t r i p  a t  jettison. 

115.5 

' 6 . 0  CCS 1 CCs 

RFS RFS command enable 

RFS ::;:P 1 S-band e x c i t e r  on 

Enables CCS outputs to R F S  

PWR CMD in c a s e  tu rned  off during PM 
jettison. 

I I MDs I CC3BP TMU power on : 116.2 

1 6 . 3  

I 
1 116.4 

CMD in c a s e  tu rned  off during PM 
jettison. 

CCS 

CCS 

CCS 

/ MDS CC3A / TMU s t a t e  s e l e c t  S-band low r a t e  da ta  channel  and low 
s u b c a r r i e r  f requency  s ta te  ( D r i v e r  1 
ac t ive  only)  Delete f o r  2nd launch. 

1 FDS SCO6BB / FDS mode s e l e c t  GS-3 mode:  L E C P  near  encounter ,  
Eng launch (40  bps downlink - r e c o r d  
GS-3 data)  Delete f o r  2nd launch. 

CMD in c a s e  t u r n e d  off during P M  
jet t ison 

1 I RFS 1 DC2DR S-band t r a n s m i t t e r  low power 

1 / PWR / RFS / CC2KP / S-band t r a n s m i t t e r  power on  

CCS 

CCS 

CCS 

CCS 

CCS 

CCS 

CCS 

CCS 

CCS 

CCS 

::; 

;:: 

:1: 

::: 

::: 

* 

CMD in c a s e  tu rned  off during PM 
jet t ison 

120.3 

120.4 

120. 8 

121.0 

i : 1 2 1 . 5  

121.7 

122.0 

123.0 

PWR P R O P  IPU valve HTRS c i r c u i t  on to w a r m  
TCAPU line and HD (hydraz ine  
disconnect) .  

CC1 OF IPU valve HTRS on 

P R O P  CClOH IPU valve HTRS c i r c u i t  on  to  w a r m  
TCAPU line and  HD. 

IPU redundant  valve HTRS on 

AACS 

AACS 

RFS 

F DS 

TCAPU fault  t e s t  enabled F o r  2nd launch delayed to  
I+0:14:27 

AACS deadband update Deadband to plus o r  m i n u s  0.5 
d e g r e e s  

S-band Ranging on 

FDS mode  s e l e c t  GS-3 mode;  L E C P  f a r  encounter  launch 
f o r m a t  (7.2 kbps  on downlink and 
r e c o r d e d )  f o r  2nd launch only. 

S-band high r a t e  da ta  channel  and high 
s u b c a r r i e r  f reauency  s t a t e  ( D r i v e r  1 
ac t ive  only). This  CMD a l lows  the  
g e n e r a l  sc ience  da ta  to be on the 
downlink (7.2 kbps) .  

Ins t rument  t u r n  on s ta te  de te rmined  by 
FDS launch load (SCZ3AD 1) .  



-)t. Table 3.  MJS77 Launch Sequence of Events (cont'd) 

Event Des t i -  Command 
' 

nation ID CommandfEvent  

1 

Source I Via 

CRS / C C 2 l B  I CRS Replacement  HTR on CCS 

CCS L E C P  

L E C P  

PWR 

PWR CC25E L E C P  L E P T  supplementa l  
HTR on 

! 
CC25A L E C P  on 

\ 

L E C P  

CCS PWR 

~ 
I 

CCS , FDS 

CCS PWR 

ccs 

SC25AH Load L E C P  CMD r e g i s t e r  
2576 

CCS 

CCS 

CCS 

PLS I CC32C P L S  rep lacement  HTR on 

FDS 

PWR 

F DS 

CCS 

L E C P  

1 MAG 

1 L E C P  

DEV 

AACS 

ccs 

AACS 

P r o c e s s o r  CMD 

I Deleted 

1 Load L E C P  CMD r e g i s t e r  

CCS 

CCS 

CCS 

MAG on 

PY RO 

Load L E C P  CMD r e g i s t e r  

ccs 

I - 
Release  MAG boom 

R e g i s t e r  Cont ro l  CMD 

P r o c e s s o r  CMD 

MAG boom deployed 

DRIRU cont ro l  

I Comments  

F o u r  L E C P  CMD w o r d s  a r e  s e n t  
, t o  put the  L E C P  i n  i t s  s towed 

s ta te .  The f i r s t  CMD i s  s t o r e d  i n  
t h e  FDS launch load (SC25AH 0000) 
and i s  sen t  on  t h e  f i r s t  FDS f r a m e  
s t a r t  following i n s t r u m e n t  t u r n  on. 
The  t h r e e  addit ional  CMD w o r d s  
follow on  48 s c e n t e r s .  (Next  f r a m e  
s t a r t  a t  I+O:22:ll). 

Disable launch opt ion lenables  
c r u i s e  option i n  PWRCHK routine. , 

I Ins t rument  t u r n  on s t a t e  de te rmined  
by FDS launch load (SC3 5AI 010002 
and  SC35AO 010002). 1 

A s s u r e s  i s o  valves a r e  in  the  
c o r r e c t  s t a t e  

CCS updates the  following CMDs in 
t h e  F C P  Ini t ial izat ion Table:  
CC7GY 1 and CC7SS 1;  and s e t s  
t i m e  delay to  30 minutes  

Wors t  c a s e  deployment t i m e  

Capture  ra te - low 



Table 3 .  MJS77 Launch Sequence of Event (con t 'd )  

I Command1 Event  I Dest i -  
nation 

, 

E:Ent T - T i m e  
Relat ive Comments  

T i m e  

2:: 139.0 CCS AACS 

Des t i -  
nation 1 Command t- Source  

T u r n  r a t e  a t  3 .14  m r a d l s e c ;  l aunch  day 
dependent;  a t  end of sun t u r n s  TCAPU 
MOT i s  10 m s  in " s h a r e  mode ,  " T u r n  
angles  good for  f ive consecutive launch  
d a y s  (Sun angles  change a t  a r a t e  of 
2" /day).  Implement using commanded 
t u r n  block. See  Table  3a(III) f o r  sub- 
sequent  launch days .  

Via 1 s o u r c e  

CMDed t u r n  to sun  point 
( ro l l ,  -14.5 d e g r e e s )  

v i a  

CMDed turn  to  sun  point 
(yaw, -51.3 d e g r e e s )  

Implement using commanded turn  block. 
S e e  T a b l e  3a(III) fo r  subsequent  l aunch  
days .  Between launch days  of 9 / 2 1  / 77 
and  9 / 2 3 / 7 7  re la t ive  t ime  i s  It0:40:15. 

:: 1 140.0 CCS 1 / AACS 

FDS 

FDS 

PYRO 

It0:37:00 Automatic r a n g e  mode  CCS 

CCS 

CCS 

Centaur  

MAG MAG configuration CMD 

MAG It0:37:00 MAG configurat ion CMD Automatic r a n g e  mode  

FDS FDS mode  s e l e c t  GS-3 mode ,  L E C P  n e a r  encounter ,  I 1t0:40:20 1 Eng c r u i s e  

I+0:59:20 ~ a c k u p a r m  signal  off PYRO/TCAPU/CCS 
a r m  A off 
PYROITCAPUICCS 
a r m  B off 

PYRO/ 
P R O P /  
ccs 

CCS 

ccs 

AACS Init iate  sun  acquisi t ion 

FDS FDS commuta tor  change 

::~ 
PWR 

It l :06:00 P P S  ana lyze  m e a s u r e m e n t  to 
posi t ion 210. 

CCS FDS FDS commuta tor  change 

I t l :10 :00  Rol l  i n e r t i a l  m o d e  and sun shut te r  power 
off automatic.  

Sun acqui red  

I+l:10:09 N o r m a l  scan ;  f a s t  s tepping,  SC25AH 
4020 f o r  2nd launch. I '  CCS L E C P  S t a r t  L E C P  scan  

CCS 

CCS 

L E C P  

L E C P  

L E C P  s tepper  m o t o r  on 

L o a d  L E C P  CMD r e g i s t e r  

PRA PRA on ccs 



$& Table 3 .  MJS77 Launch Sequence of Events (contld) 

Event b. 
146.0 

147.0 

148.0 

149.0 

149.1 

149.2 

150.0 

150.5 

151.0 

151.5 

152.0 

153.0 

154.0 

154.5 

154.6 

155.0 

156.0 

157.0 

Source 

CCS 

CCS 

CCS 

CCS 

Ground 

Ground 

Ground 

ccs 

ccs 

CCS 

CCS 

CCS 

CCS 

CCS 

CCS 

CCW 

CCS 

Via 

FDS 

FDS 

PW R 

FDS 

CCS/ 
FDS 

ccs 

CCS 

PWR 

PWR 

PWR 

PWR 

PWR 

PWR 

PWR 

Dest i -  
nation 

PRA 

L E C P  

PRA 

L E C P  

L E C P  

FDS 

RFS 

PR  A 

FDS 

FDS 

P P S  

uvs 

ISS 

ISS 

MIRIS 

AACS 

AACS 

Command 
LD I Command1 Event I 

PRA configuration CMD 

Load L E C P  CMD reg i s t e r  

PRA 1 PWS antenna deploy 
mo to r  on 

Load L E C P  CMD reg i s t e r  

Load L E C P  and r eg i s t e r  

FDS mode se lec t  

PRA IPWS antenna deployed 

S-band ranging on 

PRAIPWS antenna deploy 
mo to r  off 

FDS commutator change 

FDS commuta tor  change 

P P S  on 

UVS R E P L  Htr  on 

ISS NA ELEC R E P L  Ht r  on 

ISS WA ELEC R E P L  Htr  on 

MIRIS standby supply on 

CST power enable 

CST s t a r  map/CMDed tu rn  
(roll ,  t 630  deg ree s )  

Rela t ive  
T i m e  

Comments  I 
CMD to  se lec t  a t tenuators  

Not para l le l  command; SC25AH 7072 
for  2nd launch 

P P S  analyze measu remen t  to 
position 145. 

Selects  L E C P  f a r  encounter; not para l le l  
command 

Redundant CMD to t e s t  uplink capability. 

PRA MUX measu remen t  to  position 210. 

I 

Ins t rument  turn  on s t a t e  de termined  by 
FDS launch load (SC27AE 000 and 
SC27AF 0001). 

One ro l l  revolution (posit ive ro l l )  p lus  
angle  to  vicinity of Canopus. Implement 
using commanded turn  block, s ee  
Table  3a(III) for  subsequent launch days.  1 I 

Switches power to  MIRIS standby 
supply A. 



*Table 3. MJS77 Launch Sequence of Events (contd) 

Des t i -  
nation / G o n g a n d  I Command1 Event  

T - T i m e  

P P S  

AACS 

AACS 

CCS 

1 CCS 

CCS 

CCS 

R F S  

DSS 

DSS 

ISS 

MDS 

DCZD 

P P S  configuration CMG 

S t a r  map1CMDed t u r n  
comple te  

CMD t u r n  t o  Canopus 
( r o l l )  

Canopus acquisi t ion 
(F lyback  and sweep)  

CMD to  enable continuance 
of sequence 

P r o c e s s o r  CMD 

P r o c e s s o r  CMD 

P r o c e s s o r  CMD 

P r o c e s s o r  CMD 

CCS in  individual m o d e  

P r o c e s s o r  CMD 

S-band t r a n s m i t t e r  high 
power 

DSS s t a t e  change 

Slew to  TIC 2884 

ISS NA Optics HTR on 

TMU s t a t e  se lec t  

Relat ive 
T i m e  

Comments  

E n t e r s  P P S  table.  

P r e d i c t e d  t u r n  end plus 60 s e c  set t l ing.  

S m a l l  t u r n  (nominally, -10 d e g r e e s )  
to  Canopus,  de te rmined  f r o m  s t a r  map.  

Canopus a c q u i r e  within 1 minute,  sun 
s e n s o r s  b i a s e s  in  within 8 min ,  g y r o s  
off and c e l e s t i a l  c r u i s e  immedia te ly  
a f t e r  b i a s e s  in, a f t e r  b ias  angle  inser t ion  
t h e  SC posi t ion i s  -1 1 d e g r e e s  pi tch and 
t l l  d e g r e e s  yaw. 

T o  be  sen t  p r i o r  to  1+2:54:15; nominally 
a t  t i m e  I+2:50:00. 

Disab le  au tomat ic  power f a i l  r e s t a r t  
sequence  

Enable  R F  LOSS routine 

Enables  IRSPWR routine 

CCS updates  the following CMDs in  t h e  
F C P  Ini t ial izat ion Table ;  CC7ML 05. 
CC7CT 05, and  CC7CT 09. 

CMDS no  longer  s e n t  by both p r o c e s s o r s .  

C h e c k s  f o r  ground enable CMD. If 
ground enable  CMD h a s  not  been  rece ived ,  
t h e  sequence  wi l l  stop. 

Ready  m o d e  

Slew t i m e  wi l l  b e  l e s s  than 6 minutes .  
Implement  tape  positioning block. 

S-band high r a t e  da ta  channel  and  high 
s u b c a r r i e r  f requency  s t a t e  (Dr iver  1 
a c t i v e  only)  (Mod indice change only)  



Table 3. MJS77 Launch Sequence of Events (cont'd) 

Event 
NO. 

162.0 

162.1 

163.0 

164.0 

164. 1 

164.4 

164.5 

"The PLS and CRS shall not be turned on pr ior  to one and two days respectively. Thls i s  to prevent corona problems which could damage the 
instruments. The MIRIS dust cover shall  not be re leased until launch plus 43 hours. 

Source 

CCS 

Ground 

CCS 

CCS 

CCS 

CCS 

CCS 

Via 

CCS 

Desti-  
nation 

FDS 

FDS 

DSS 

DSS 

DSS 

MDS 

FDS 

Command 
ID 

SCO6BB 
018070 

SCO6BB 
080070 

CCl6C 
1426 

CCl6C 
7000 

CC3A 
39131 

SC06BB 
501070 

Command / Event 

FDS mode select 

FDS mode select 

DSS state change 

DSS s ta te  change 

Slew to EOT 

TMU state select 

FDS mode select 

I 

I 
I 

Comments 

PB2 data mode (44.8 kbps) 

Not parallel  command 

Playback launch data; t rack 6 ,  33.6 kbps 
r e v e r s e  direction. Implement using 
playback block. 

Ready mode; t ime determined by amount 
- of data recorded. 

Implement tape positioning block. 

S-band high r a t e  data channel and high 
subcarr ier  frequency. 

CR-2 data mode. Note: The CMD ID 
parameter  contains a known e r r o r ,  but 
does not affect the sequence (see  
MJS77-3-290) 

T-Time Relative 
Time 

It3:01:00 

I+3:01:06 

I+3:03:41 

It3:58:41 

It4:OO:OO 

I+4: 10:45 

It4:ll:OO 



Table 3a. Launch Day Dependent Updates 

I. AACS Canopus Cone Angle: C 5  fo r  8120177 through 8130177 Launches 
C4  for  8 / 3 1 / 7 7  through 9 / 2 3 / 7 7  Launches 

11. AACS Safing Slew Command P a r a m e t e r s :  

VGR-A: 1012115103 (EL) 
201 1017100 (AZ)  

VGR-B:  1012114103 (EL) 
2011017099 (AZ)  

111. Launch Day Dependent Commanded T u r n  Angles and Command P a r a m e t e r s  

T ra j ec to ry  

JSX 

JSX 

JSX 

JSX 

JS  T 

JST 

Canopus Acquisition 
Launch Days 

8120177 - 8130177 

8 /31 /77  - 9 / 9 / 7 7  

9 /10/77  - 9120177 

9 /21/77  - 9 /23 /77  

8 /31 /77  - 9 /11 /77  

9 /12 /77  - 9 /19 /77  

- 

Angle 

t 6 3 0  

t625  

t605  

t 5 9 0  

t635  

t 6 1 0  

T u r n s  

C MD P a r a m e t e r s  

311 
058172 

31 1 
057710 

311 
055863 

3 11 
054478 

311 
058633 

31 1 
056325 

Sun Acquisition 

Roll  

Turns  

Yaw 

Angle 

-14.5 

t 7 . 4  

t32 .6  

t 4 4 . 1  

-0.0 

t29 .5  

Angle 

-51.3 

-44.4 

-37.7 

-41.7 

-32.9 

-32.9 

CMD P a r a m e t e r s  

32 1 
001339 

311 
000683 

311 
003010 

311 
004072 

321 
000000 

311 
002724 

C MD P a r a m e t e r s  

22 1 
004737 

22 1 
004100 

22 1 
003481 

22 1 
00385 1 

221 
003038 

221 
003038 



Table 3b. F C P  Jnitialization Table Updates 

*Identifies new update to F C P  initialization table. 
t ~ h i s  t ime i s  1+00:00:09 in the A1019 Launch Load. 

Jettison 

I+OO:ll:17 

Enabled 

7GY 2 

7MDP 6% 

7DDB 004800;: 

7GY 4 

7ML 09:k 

- - 

- - 
- - 
- - 
- - 

Event 

Table Update 
Time: 

FC  P / MEM Swap 

Gyro Rate 

AACS Mode 

Deadband 

Gyro Faul t  Tes t  

TCAPU Fault  Tes t  

GST Cone Angle 

CST Power 

Time Delay 

Sun Search  

Canopus Search 

Pr eseparat ion 

I-00:01:15 

Disabled* 

- - 

- - 
- - 
- - 
- - 
- - 

- - 
- - 
- - 
- - 

Prelaunch 

Enabled 

- - 
- - 
- - 
- - 
- - 
- - 

- - 
- - 
- - 
- - 

Sun 
Acquisition 

1+00:34:59 

Enabled 

7GY 1::: 

7MDP 6 

7DDB 004800 

7GY 4 

7ML 09 

- - 

- - 

delay30min::  

7 s ~  1::: 

- - 

Burnout 

1+00:00: 0 4 ~  

Enabled* 

7GY 2* 

7MDP 3;: 

7DDB 009600::: 

7 ~ y  4::: 

- - 
- - 

- - 
- - 
- - 
- - 

Cru i se  

1+2:54:15 

Enabled 

7GY 1 

'7 MDP 6 

7DDB 004800 

7GY 4 

7ML 09 

7CT 05 (1 s t  Launch)::: 
7CT 04 (2nd Launch) 

7ML 05;:: 

d e l a y 3 0 m i n  

7SS 1 

7CT 09::: 





* 5. 2. 2 SAMPLER Phase 

The SAMPLER phase i s  defined a s  that par t  of the miss ion  beginning 
af ter  celest ia l  re ferences  a r e  acquired and ending a t  launch plus 
30 days. In addition to t h e  necessary  engineering events, this  phase 
includes engineering and science events supporting a near  -Ear th  
science sequence. This nea r -Ear th  science sequence shal l  only be 
performed i f  a successful  nominal launch has  occurred  and imple-  
mented by a s e r i e s  of CCS load updates. Telecommunications shal l  
be maintained through the LGA. DTR playbacks will be performed 
using the HGA by maneuvering the spacecraf t  to E a r t h  point, 
except for  the f i r s t  couple of playbacks which will be done over the 
LGA. In general,  the SAMPLER phase will include approximately 
s ix  CCS updates, SIX radiometr ic  calibrations, a rough scan platform 
calibration, a TCM, which will be performed in  pa r t s  to  satisfy an 
off - sun orientation the rma l  constraint,  science instrument  cali-  
brations,  and optical observations of the Earth,  moon, and selected 
s t a r s  by the optical instruments .  A general  t imeline of the 
SAMPLER phase i s  shown in  F igure  2. 

* 5.2.3 Cruise Ea r ly  Phase  

The period f r o m  the. end of SAMPLER ( L t 3 0  days)  to Lt99  days, 
(HGA acquisition m a y  be performed p r io r  to Lt99  days)  shal l  be 
known a s  Cruise  Ea r ly  Phase (CRE). This phase shal l  maintain the 
spacecraf t  i n  a relatively quiescent s ta te  with only necessary  engi- 
neering and science events being performed. These events include 
engineering and science calibrations,  a clean-up TCM a t  about 
Lt55 days, to co r rec t  injection and TCM-1 e r r o r s ,  an S / X  radio- 
m e t r i c  calibration a t  about Lt56  days and DTR playbacks. There  
shall  be one CCS update planned for  CRE. 

Ea r th -  Jupiter Cruise Phase 

The Earth-Jupi ter  Cruise Phase  (CR) spans the t ime f r o m  Lt99  days 
and the s t a r t  of the Jupiter encounter phase. MM activit ies on each 
MM during CR include cru ise  science maneuvers,  occurr ing every  
eight weeks, scan platform and science instrument  calibrations,  
Canopus s t a r  t r acke r  cone angle updates, sun sensor  bias updates, 
sun sensor  and HGA calibrations,  and TCM-2. Additionally, navi- 
gation tracking cycles a r e  performed every  four weeks. A science 
verification t e s t  (SVT) will be performed during the f i r s t  o r  second 
CCS load of CR to gain specific performance data for  la ter  use in 
detailed instrument sequence design (e .  g . ,  platform slewing/sett l ing, 
interference effects,  FOV alignment, e tc .  ). Also, just pr ior  to 
Jupiter encounter phase,  a near  encounter t e s t  (NET) shall  be pe r -  
formed to check out personnel,  procedures ,  MOS software,  and MM 
on-board programming and sequence of operations . A timeline of 
CR i s  shown in Figure 3.  A detailed timeline of events for a nominal 
c ru i se  science maneuver is  given in Figure 4.  
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SCI. TARGET CALIB & I PPS BREWSTER PLATE CALIB. 

SCAN PLATFORM CALIB. 

SCIENCE MANEUVER 

( SPECIAL TESTS 
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W 
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LAUNCH 
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ASSUMPTIONS: 
1) TIMING OF EVENTS CONSISTENT WITH MISSION REQUIREMENT DOCUMENT (PD 618-51). 
2) CCS UPDATES OCCUR NOMINALLY EVERY FOUR WEEKS. 
3) A SCAN PLATFORM CALIBRATION MUST OCCUR PRIOR TO THE FIRST SCIENCE TARGET 

CALIBRATION. 
4) THE FIRST CRUISE SCIENCE MANEUVER OCCURS AFTER SCIENCE TARGET CALIBRATION. 

I 5) FOUR FDS UPDATES OCCUR DURING EARTH-JUPITER CRUISE. 
6) THERE ARE TWO NAVIGATION TRACKING CYCLES BEFORE AND AFTER THE SECOND TCM. 

I 7) SS BIAS ANGLES AND CANOPUS TRACKER CONE ANGLE UPDATES WILL BE DONE AS 
NECESSARY TO MAINTAIN EARTH POINTING AFTER HGA I S  ACQUIRED. 

8) SS CALIBRATIONS SHALL BE DONE EVERY 14 DAYSaFROM L+80 TO L+250 CAYS AND EVERY 
28 DAYS FROM Lt250 TO 5-80 DAYS. 

Figure 3 .  Earth- Jupiter Cruise Phase (Typical) 
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Figure 4. MJS77 Cruise  Science Maneuver (Every 2 Months) 



* 5.2.5 Jupiter Encounter Phase 

The Jupiter encounter phase spans the t ime between J-80 and J t 4 0  
days. This phase i s  descr ibed i n  t e r m s  of five subphases. F igure  5 
shows a representat ive Jupiter encounter phase. Table 4 defines 
the l e s s  commonly known acronyms used in  F igures  5 and 7. 

5. 2. 5. 1 Jupiter Observatory Subphase. Jupiter Observatory subphase (OB) 
s t a r t s  a t  best  quoted Earth-based resolution of Jupiter and ends a t  
the s t a r t  of ~ u p i t e r  Movie subphase. Times  gene;ally associated 
with the above subphase definitions a r e  J-80 days to  J-34 days for  
JST and J-80 days to 5-45 days for  JSX. OB provide observance of 
periodic Jupiter a tmospheric  phenomena. High r a t e  science data 
a r e  returned i n  non-real  t ime.  Optical navigation and imaging f r a m e s  
a r e  recorded on the DTR and played back periodically. There will 
be four CCS updates for JST and th ree  CCS updates for  JSX during 
OB. SS-HGA calibrations,  SIX tracking cycles and TCM-3 (for JST) 
a r e  engineering events that will occur in  Jupiter OB. 

5 .2 .  5. 2 Jupiter Movie Subphase. The Movie subphase will occur a t  J-34 days 
to  J-30 days for  JST and J-45 days to J-41 days for  JSX. This four 
day interval  i s  place a t  a t ime to provide highest resolution of the 
f a l l  Jupiter disk with the NA c a m e r a ' s  field-of-view. The imaging 
data will be received in  real-t ime. There  shall  be no other 
engineering o r  science activit ies,  excluding nominal occurr ing 
activit ies,  during the Movie subphase. 

5.2.5. 3 Jupiter F a r  Encounter Subphase. Typically Jupiter F a r  Encounter 
subphase ( F E )  i s  defined a s  J-30 days ( JST)  and J-41 days (JSX) to 
J- 1 day (JST and JSX). During this  phase there  i s  a fourth TCM 
( f o r  JST),  TCM-3 and TCM-4 for  JSX, CCS updates (will  include 
9 for  JST and 10 for  JSX), and m o r e  SS-HGA calibrations. SIX 
doppler and ranging activit ies a r e  essentially continuous a s  is  r ea l -  
t ime science data acquisition. SIX tracking cycles become m o r e  
frequent. Science and engineering calibrations a r e  performed i n  a 
manner  to  provide optimum performance and data re turn  during the 
Near Encounter phase which follows. 

5.2. 5 .4  Jupiter Near Encounter Subphase. The Near Encounter Subphase i s  
defined between J-1 day and J t 1  day. Science data acquisition i s  
most  active during closest  approach. Ea r th  occultation radio science 
l imb tracking, 10 flux tube passage (JST)or  Gany-mede wake passage 
(JSX), close observations,  phase angle observations,  and the UVS 
solar  occultation experiment a r e  pr ime science events during this 
subphase. Table 5 shows a representat ive sequence of MM events 
required during the occultation period. Data taken during Ear th  
occultation a r e  recorded f o r  la te r  playback. Two CCS updates a r e  
planned before closest  approach. 

5 .2.5.5 Jupiter Post-Encounter Subphase. Jupiter Post-Encounter subphase 
( P E )  begins a t  J t 1  day and ends a t  J t 3 5  days for  JST and a t  J t 4 0  days 
fo r  JSX. End t ime correspond to la test  departure  of bow shock 
crossing events. P E  includes Callisto encounter ( JST) ,  
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Table 4. Encounter Acronyms Defined 

Acronym 

ACSCAL 

CCSUP 

FDSUP 

GYCAL 

IUCAL 

PLAY BK 

RASMA 

SPCAL 

STARAC 

SUNAC 

2CLGC 

3CLGC 

Definition 

HGA - Celestial  sensor  calibration 

CCS update 

FDS update 

Gyro calibration 

IRIS/ uvs calibration 

Playback 

Radio science maneuver 

Scan platform calibration 

Star  acquisition 

Sun acquisition 

Imaging two color global circulation observations 

Imaging three  color global circulation observations 
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Table 5. Typical UVSIRSS Occultation Sequence (Jupi ter)  

Event 

Point of Jupiter Closes t  Approach 

Set Up MM Initial Conditions 

FDS Data Mode t o  GS-3 
(Only for Saturn) 

X-band TWT Low Power 
(Only for  Saturn) 

Begin Uplink Sweep for  MM Receiver 
Acquisition 

Initiate S- and X -band Range Code 
Transmiss ion  

FDS Data Mode t o  GS-3 
(Only for  Jupi ter)  

S ta r t  DTR; Record a t  7.2 kbps 

Non-Coherent Two-way On 

Begin Requisition of Downlink 

S - and X -band Telementry Modulation Off 

S- and X-band Ranging Modulation Off 

Begin Limb Tracking Maneuver 

E a r t h  Immersion 

Stop Limb Tracking Maneuver 
(Set Up for  UVS Roll) 

Roll f o r  UVS Solar Ingress  Alignment 
(Tra jec tory  Dependent) 

S ta r t  UVS Solar Observations (GS3) 

FDS Data Mode t o  OC - 1 

Solar Ingress  Occurs  

FDS to  General  Science Data Mode (GS3) 

'k'kEOI = E a r t h  Occultation Immersion (Geometrical)  

:k>$ Time 
Relative to  E a r t h  

Occultation 
(Hr : Min) 

EOI-3:45 

EOI- 1 : 00 

EOI+O:02 -RTLT 

EOItO. 10-RTLT 

EOI-TBD 

EOI-0: 16 

EOI-0: 15 

EOI-0: 15 

EOI-0:07 

EOI-0:05 

EOI-0:Ol. 5 

EOI-0:OO 

EOItTBD 

EOE = E a r t h  Occultation E m e r  sion (Geometrical)  
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Table 5. Typical UVS/RSS Occultation Sequence (Jupi ter)  (cont Id) 

Event 

End UVS Solar Observations 

Resume Limb Tracking Maneuver 

E a r t h  Emers ion  

End L imb  Tracking Maneuver 

S-  and X -band Ranging Modulation On 

S-  and X-band Telemetry  Modulation On 

Roll for  UVS Solar E g r e s s  Alignment 

Non-Coherent Two-way Off 

FDS Data Mode to  OC-1 

Star t  UVS Solar Observations 

Solar E g r e s s  Occurs  

End UVS Solar Observations 

MM t o  Fina l  Configuration 

SUNAC 

STARAC 

Gyros Off 

DTR Off 

X-band High Power (Saturn) 

FDS Data Mode go GS-3 

**EOI = E a r t h  Occultation Immersion (Geometrical)  

*>:Time 
Relative to  Ea r th  

Occultation 
(Hr : Min) 

EOE-TBD 

EOE-0:OO 

EOE+O:O 1.5 

EOEtO: 05 

EOE+O:07 

EOE+O:15 

EOE = E a r t h  Occultation Emers ion  (Geometrical)  .. 



E / S  occultation (JSX) and IRIS/UVS Jupi ter  darks ide  observat ions .  
TCM-5 will be per formed  during this  subphase and S / X  tracking 
cycles  r e tu rn  to thei r  once-per-month f requency af ter  J t 1 0  days .  

* 5 . 2 . 6  Jupi ter-Saturn Cru i s e  Phase  

The Jupi ter-Saturn c ru i s e  phase i s  defined between J t 4 0  and 
S-80 days .  Miss ion module activit ies during th is  phase  includes 
SS- HGA cal ibra t ions  (every  56 days ) ,  navigation tracking cycles  

, ( eve ry  four weeks),  sc ience maneuvers  (every  eight weeks) ,  two 
scan  pla t form cal ibra t ions  and science ins t rument  cal ibra t ions .  
TCM-6, CST cone angle updates,  and sun s enso r  bias updates will 
a l so  occur  in this  phase of the mi s s ion .  A t imel ine  for  this  phase  
i s  shown in F igure  6 .  

* 5 . 2 . 7  Saturn Encounter Phase  

The Saturn encounter phase  spans  the t ime  between S-80 and 
S t30  days .  This phase  has  the s a m e  basic  s t ruc tu r e  a s  the Jupi ter  
encounter phase ,  being divided into four subphases .  A r ep re sen t a -  
tive Saturn encounter i s  shown in F igu re  7 of a JSG encounter 
sequence.  

* 5 . 2 . 7 . 1  Saturn Observatory Subphase.  Between S-80 and 5-30 days ,  high 
r a t e  sc ience da ta  a r e  re tu rned  in non - r ea l  t ime .  Optical  navigation 
and ISS imaging a r e  recorded  on the DSS and played-back daily. CCS 
updates a l so  occur  once pe r  week. SS-HGA cal ibra t ions  and tracking 
cycles  continue to occur  periodically.  The seventh TCM is  executed 
n e a r  the end of this  phase .  

* 5 . 2 . 7 . 2  Saturn F a r  Encounter Subphase. The F a r  Encounter subphase i s  
defined a s  S-30 to S-1 day. During th is  phase ,  the l a s t  (eighth) TCM 
i s  per formed .  Frequent  -CCS and FDS updates a r e  requ i red  to  
support  n e a r  continuous r ea l - t ime  data acquisi t ion.  S/ X doppler 
and ranging a r e  essen t ia l ly  continuous throughout the phase  and 
t racking cycle f requency i nc r ea se s .  

* 5 . 2 . 7 .  3 Saturn Near Encounter Subphase.  The Near  Encounter subphase i s  
defined between S-1 and SSI day.  The spacecra f t  may  be in the ro l l  
ine r t i a l  mode throughout th is  phase .  ~ a t a  acquired during this  period 
a r e  p r i m a r i l y  in r e a l  t ime ,  with se lected imaging and the occultation 
da ta  being recorded .  UVS and rad io  sc ience occultation data  a r e  
acquired but without l imb t racking for RSS at  Titan.  At Saturn,  the 
occultat ions a r e  s i m i l a r  to those a t  Jup i te r .  

* 5 . 2 .  7 . 4  Saturn Post-Encounter Subphase.  F r o m  S t 1  to S t 3 0  days ,  sc ience 
data  a r e  per iodical ly  re tu rned  in r e a l  t ime .  Tracking cycles  
continue a s  r equ i r ed .  
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Figure 6 .  Jupiter -Saturn Cruise Phase 
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* 5 . 2 . 8  Post -Saturn  Cru i s e  

Although a post-Saturn m i s s i o n  is  p r e sen t l y  not p a r t  of the MJS77 
m i s s i o n  and i s  not  being funded,  the s tandard  mi s s ion  i s  r equ i r ed  
to  be cons i s ten t  with a poss ible  post-Saturn miss ion .  Depending on 
the s ta te  of the MMs,  t he r e  i s  a poss ibi l i ty  of obtaining useful  da t a  
a s  f a r  out a s  20 AU with the X-band t e l eme t ry  link, 

Activi t ies dur ing post-Saturn c r u i s e  phase  would be s i m i l a r  to  those  
de sc r i bed  fo r  the previous  c r u i s e  phases  and would emphas ize  
invest igat ions  of f ield and pa r t i c l e s  . Science maneuve r s  would be 
reduced  to  e v e r y  1 AU f r o m  the sun.  

Uranus  Option Encounter  P h a s e  

The Uranus  option encounter  phase  i s  defined in a manne r  s i m i l a r  
to  that  of Saturn ,  except  a s ingle  MM i s  involved. If a nominal  
m i s s i o n  has  o c c u r r e d  p r i o r  to  Saturn  encounter  f o r  both MMs, the 
MM on a JSX t r a j e c t o r y  wil l  be t a rge t ed  f o r  a Uranus  encounter .  
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( Inse r t  in 618-205 ,  MJS77 Spacecraft  
Functional Requirements  Book) 

Custodian: J. G. Beerer  

APPROVED: 

system: @&- , 
R. F. Drape 

F. M. S turms 

K ' G .  Beere r  

JET PROPULSION LABORATORY 

No. MJS77-3-130 
12 March 1975 

FUNCTIONAL REQUIREMENT 

MARINER JUPITER/SATURN 1977 

STANDARD TRAJECTORIES 

# Denotes Change 

1 . 0  SCOPE 

This document defines the Ear th-  Jupi ter-Saturn heliocentric and near -  
E a r t h  t ra jec tory  space which the spacecraf t  design must  accom- 
modate. The Jupi ter  and Saturn-centered t ra jec tory  space i s  defined 
by the aiming point region boundaries set  for th in MJS77-3-140, . 

Nominal Aiming Point Selection. Additional data on t ra jec tory  para-  
me te r  ranges may be found in other documents listed in Section 2.  0. 

2 .0  APPLICABLE DOCUMENTS 

Except a s  noted herein,  a l l  pa r t s  of the following documents of the 
la tes t  available i ssue  a r e  applicable to this  Functional Requirement.  

NOTE 

M JS77- 3- 100, Spacecraf t  Requirements and Constraints,  
applies to this document. Requirements of other MJS77 
level 3 documents m a y  a lso  be applicable. I t  is the 
responsibil i ty of the u s e r  to adequately acquaint himself 
with the organization and pertinent content of the level 3 
documents, a s  well a s  with the ma te r i a l  contained 
herein.  

Page  1 of 5 



REQUIREMENTS 

Je t  Propulsion Laboratory 

MJS77-3-100 Spacecraft Requirements and 
Constraints 

Functional Requirement, 
Mariner Jupiter /Saturn 1977 
Nominal Aiming Point Selection 

OTHER DOCUMENTS 

Je t  Propulsion Laboratory 

Mariner Jupiter /Saturn 1977 
Pre l iminary  Trajectory Characteristics 

Mariner Jupiter /Saturn 1977 
Standard Trajectories  

3 . 0  TRAJECTORY CHARACTERISTICS 

The trajectory of the mission module (MM) may be divided into 
s ix  periods: Near-Earth, heliocentric Earth-Jupiter,  near-  
Jupiter, heliocentric Jupiter-Saturn, near-Saturn, and post- 
Saturn heliocentric. This document i s  pertinent to a l l  but the 
near - Jupiter, near-Saturn and post-Saturn periods. 

The character is t ics  of the near-Ear th  t rajectory a r e  determined 
by the launch date, Jupiter a r r iva l  date, and launch azimuth. 
Specification of launch date and Jupiter a r r iva l  date defines the 
required energy and asymptote direction of the departure geocen- 
t r i c  hyperbola. 

The MM trajectory character is t ics  during the heliocentric periods 
a r e  defined by the launch date and the planet a r r iva l  dates. The 
varying launch t imes on any given day produce a negligible effect 
on the character is t ics  of the heliocentric trajectory. 

The trajectory character is t ics  for the near-planet periods and post- 
Saturn period a r e  determined by the launch and a r r iva l  date s and 
by the aiming points. The requirements on aiming point selection 
a r e  specified in M JS77-3 -140, Nominal Aiming Point Selection. 



4 . 0  TRAJECTORY REQUIREMENTS 

# 4 . 1  General 

Two MMs a r e  to  be launched i n  1977 on t ra jec tor ies  a r r iv ing  a t  
Jupiter and Saturn in 1979 and 1980/81, respectively. The launch 
will be  conducted f rom Complex 41 a t  AFETR. The Titan IIIE/ 
Centaur D-1 T launch vehicles will be flown in  a parking orbit  mode 
in  o rde r  to  place the MJS77 spacecraf t  on Type-I heliocentric t r ans -  
f e r  t ra jec tor ies  to  Jupiter.  The cur rent  standard t ra jec tor ies  a r e  
defined i n  61 8- 1 13, Standard Trajector ies .  

4 . 2  Heliocentric Tra jec tory  

Type I t ra jec tor ies  ( those which have heliocentric t ransfer  angles 
l e s s  than 180 deg) which l ie  nearly in the ecliptic will be used. 
F igure  1 shows a heliocentric plan view of two t ra jec tor ies  with 
an 25 August 1977, launch date. F o r  fur ther  description of helio- 
cent r ic  t ra jec tor ies  r e f e r  to  61 8-16, Section VI, Pre l iminary  
Tra jec tory  Character is t ics .  

4 . 3  Ascent Mode 

The ascent  f rom launch to injection shall be by way of a 166. 8 k m  
(90  nautical mile) parking orbi t .  Following the second Centaur 
cutoff the Propulsion Module solid motor  will provide the final 
impulse necessary  to achieve the injection velocity. 

4 . 4  Launch Azimuth 

Launch azimuths shall  be restr ic ted to l ie  between 80 and 108 deg 
eas t  of north.  As a resul t  yaw steering during the second Centaur 
burn will be required on some t ra jec tor ies  to achieve the higher 
asymptote declinations. 

4 . 5  Launch Dates 

The spacecraf t  design shall  be capable of supporting any of 
the available launch dates .  The available launch dates  will depend on 
the launch vehicle performance capability, spacecraf t  m a s  s 
and t ra jec tory  energy and asymptote declination requirements .  The 
t ra jec tory  requirements  a r e  given in F igures  3- 1 and 3-2 of 
618-16. Current  launchvehicle  performance est imates  indicate 
that a launch opportunity ex is t s  f r o m  17 August to 17 September 
1977 fo r  a MM m a s s  of 767 kg., assuming a la test  Saturn 
a r r i v a l  date of 1 June 1981. 



4 . 6  Launch Windows 

Daily launch windows shall have a nominal duration of one hour. The 
nominal window open and closing t imes  a r e  set  for th  in Near-Ear th  
Tracking Data System Supplementary View Per iods  and Related Data 
Documents. Typical window opening t imes  a r e  1200 to 1500 hours  GMT 
(8:OO to 11:OO EDT). 

rk 4 . 7  Planetary Arrival  Dates 

The MM design shall  be capable of supporting any Jupiter a r r i v a l  
date f rom 7 March  1979 through 26 July 1979. The corresponding 
Saturn a r r i v a l  dates  a r e  21 November 1980 through 28 September 
1981. 7 March 1979 i s  the ea r l i e s t  Jupiter a r r i v a l  date that will  
permit  a Jovian passage wherein the 3 MeV equivalent electron 
fluence level i s  -< 1 x 1 013 e lec t rons /cm2 (according to the 
current ly accepted radiation model). Tra jec tor ies  with Jupiter 
a r r i v a l  dates af ter  26 July 1979 place the MM too near  the Solar 
conjunction a t  both planetary encounters. 



SPACECRAFT AND PLANET 
TICK MARKS AT 50 day INTERVALS 

# Figure 1. Heliocentric P lan  View of Typical Transfer  Trajector ies  
NASA - JPL - Coml., L .A . .  Calif. 
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, ( I n s e r t  in  618-205, MJS77 Spacecraf t  
Functional Requi rements  Book) 

Custodian: R. A. Wallace 

APPROVED: 

System: MY 
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F. M. S t u r m s  

a . A.  Wallace 

JET PROPULSION LABORATORY 

NO. MJS77-3-140 
13 March 1975 

FUNCTIONAL REQUIREMENT 

MARINER JUPITER ISATURN 1977 

NOMINAL AIMING POINT SELECTION 

* Denotes Change 

1 . 0  SCOPE 

This  document defines constra ints  which shall  be met  in establishing 
nominal t r a j e c t o r y  aiming points T ra j ec to ry  aiming points and t i m e s  
of c loses t  approach to Jupi te r  and Saturn a r e  es tabl ished.  

2 . 0  APPLICABLE DOCUMENTS 

Except a s  noted here in ,  a l l  p a r t s  of the following documents of the 
l a t e s t  available i s sue  a r e  applicable to th i s  Functional Requirement .  

NOTE 

MJS77 - 3  - 100, Spacecraf t  Requirements  and Constraints ,  
appl ies  to th i s  document. Requirements  of other  MJS77 
level  3 documents may a l s o  be applicable.  I t  i s  the 
responsibil i ty of the u s e r  to adequately acquaint himself 
with the organization and per t inent  content of the level 3 
documents,  a s  well  a s  with the m a t e r i a l  contained herein .  
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REQUIREMENTS 

J e t  Propuls ion Laboratory 

MJS77-3-100 Space c ra f t  Requirements  
, and constra ints  

MJS77-3-240 Functional Requirement,  
Mar iner  Jupi te r  /Saturn 1977 
Environmental  Design Requirements  

OTHER DOCUMENTS 

J e t  Propuls ion Laboratory 

618-16 Mar iner  Jupi ter  /Saturn 1977 
P re l imina ry  Tra jec tory  
Charac te r i s t ics  

618-113 Mar iner  Jupi te r lSa turn  1977 
Standard Tra jec tor ies  

0 AIMING POINT DESCRIPTION 

3. 1 The aiming point canbe-specified by  two components of t h e  impact 
pa rame te r  vector B (B* T and B .  R )  o r  by the magnitude B and i t s  
angular orientation,  0 .  Figure  1 shows the aiming plane definition. 

3 .  2 Encounter ( the  t ime  of a r r i v a l )  i s  defined a s  the t ime  of c loses t  
approach to the planet. 

4 . 0  AIMING ZONE BOUNDARIES * 4. 1 The aiming points a t  Jup i te r  shal l  be selected so that: 

a )  A t ra jec tory  which reaches  Saturn i s  achieved with only s m a l l  
depar tures  f r o m  the ballis t ic path. 

b)  Closes t  approach to Jupi te r  does not violate the radiation 
constra ints  specified in MJS77- 3-240, Environmental  
Design Requirements .  



The aiming points a t  Saturn shall  be selected so  that the flyby t ra jec tor ies  
satisfy the following requirements:  

a )  The Mission Module shall  not impact  Saturn o r  i t s  rings. 

b )  Ea r th  and Sun occultation of Saturn shall  be achieved on both 
t ra jec tor ies .  Ear th  and Sun occultation of Titan shall  be achieved 
on one t rajectory.  Ea r th  occultation of the rings shall  be achieved 
on one t rajectory.  

c )  Saturn closest  approach shall  not exceed 10 Saturn radii. 

d) Saturn aiming points shall  l ie  off the right side of the aiming 
plane to a s s u r e  so lar  sys tem escape. 

NOMINAL AIMING POINTS 

Jupi ter  aiming points for  the MJS77 t ra jec tory  space a r e  given on Figure 
4. 7 (Jupi ter  a r r i v a l  date), 4. 8 (Jupi ter  per iapsis  radius)  and 4. 9 (Jupiter 
theta) of 618-16, Trajectory Character is t ics ,  as a function of Launch Date 
and Saturn Arr iva l  Date. A typical Jupiter aiming plane and aiming point 
which sa t i s f ies  4, la  is shown in ~ i ~ u r e  2. Jupiter and Saturn aiming 
points given below a r e  taken f r o m  618-113, Standard Trajector ies ,  

5 .1 .1  Jupi ter  aiming points selected fo r  the two reference t ra jec tor ies  a re :  

a )  JSG: 5 = 1167628 km, B R = 77999 km, Jupi ter  a r r i v a l  
date 4-7-79, 11: 27: 50 GMT (launch 8-1 9 - 77, 15: 15 GMT; Saturn 
a r r i v a l d a t e  1-31-81, 16:09:28 GMT). 

b) JSI: B T = 954420 km, B R = 59639 km, Jupi ter  a r r i v a l  
date 3-7 -  79, 06: 11: 15 GMT (launch 8-30-77, 12: 45 GMT; Saturn 
a r r i v a l  date 11 - 21 - 80, 14: 26: 00 GMT). 

Saturn aiming points for  the MJS77 t ra jec tory  space which satisfy the 
requi rements  in 4.2 l ie  in a bounded region in the B -plane and a r e  
shown on Figures  5-25, 5-26, and 5-27 of 618-16 for  Saturn a r r i v a l  
da tes  which bound the MJS77 t ra jec tory  space. A typical example 
is shown in F igure  3. Also shown a r e  aiming point loci fo r  c lose 
flyby of the satell i te Titan. 

5. 2. 1 Saturn aiming points selected for  the two standard t ra jec tor ies  a re :  
- 

a )  JSG: T = 99293 km, B = 276570 km, Saturn a r r i v a l  
date 1-31-81, 16:09:28 GMT (launch 8-19-77, 15: 15 GMT; Jupi ter  
a r r i v a l  date 4-7-79, 11: 27: 50 GMT). 

- - - 
b) JSI: T = 193954 km, B R = 133291 km, Saturn a r r iva l  

date 11-21-80, 14: 26:OO GMT (Launch 8-30-77, 12:45 GMT; 
Jupi te r  a r r i v a l  date 3-7-79, 06: 11: 15 GMT). 

Note: These aiming points a r e  those used f o r  t ra jec tory  targetting; 
close satell i te perturbations may slightly a l t e r  the values a t  
actual planet c losest  approach. 



6 .0  BIASING O F  AIMING POINTS FOR PLANETARY QUARANTINE (PQ) 

# 6. 1 Prel iminary studies indicate that, for  the cur rent  standard t ra jec tory  
design, no biasing of planetary aiming points i s  necessary  to satisfy 
planetary o r  sakellite quarantine constraints.  However, a decision to 
re ta rge t  JSI to Titan during the ear ly  par t  of the Jupiter to Saturn cru ise  
could require  biasing for  Titan quarantine a t  a AV cost of 5 5  m / sec. 
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Figure  1. Definition of Targe t  Aiming P lane  
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JET PROPULSION LABORATORY 

NO. MJS77-  3- 150  
3 A p r i l  1975 

FUNCTIONAL R E Q U I R E M E N T  

MARINER J U P I T E R I S A T U R N  1977  

NAVIGA TION 

y) D e n o t e s  C h a n g e  

1 . 0  S C O P E  

T h i s  d o c u m e n t  e s t a b l i s h e s  t he  r e q u i r e m e n t s  o n  the  M a r i n e r  J u p i t e r /  
S a t u r n  1977 (MJS77)  S p a c e c r a f t  n e c e s s a r y  t o  conduc t  t h e  nav iga t ion  
f o r  the  M J S 7 7  m i s s i o n  t o  t he  a c c u r a c i e s ,  and wi th in  t h e  c o n s t r a i n t s  
spec i f i ed  b y  M J S 7 7  P r o j e c t  D o c u m e n t s  618-51,  M i s s i o n  and S c i e n c e  
R e q u i r e m e n t s  D o c u m e n t ,  V o l u m e s  I and 11, and  618- 114 ,  P l a n e t a r y  
Qua r a n t i n e  P l a n .  

2 . 0  A P P L I C A B L E  DOCUMENTS 

E x c e p t  as noted h e r e i n ,  all p a r t s  of t h e  fol lowing d o c u m e n t s  of the  
l a t e s t  a v a i l a b l e  i s s u e  a r e  app l i cab le  t o  t h i s  F u n c t i o n a l  R e q u i r e m e n t .  

N O T E  

MJS77-  3- 100 ,  S p a c e c r a f t  R . e q u i r e m e n t s  and  C o n s t r a i n t s ,  
a p p l i e s  t o  t h i s  d o c u m e n t .  R e q u i r e m e n t s  of o t h e r  M J S 7 7  
l e v e l  3  d o c u m e n t s  m a y  a l s o  b e  a p p l i c a b l e .  I t  i s  the  r e -  
s p o n s i b i l i t y  of the  u s e r  t o  a d e q u a t e l y  a c q u a i n t  h i m s e l f  
w i th  t h e  o r g a n i z a t i o n  a n d  p e r t i n e n t  con ten t  of t he  l e v e l  3  
d o c u m e n t s ,  a s  w e l l  a s  wi th  the  m a t e r i a l  con ta ined  here- in .  
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FUNCTIONAL REQUIREMENTS 

J e t  P ropu ls ion  Labora to ry  

MJS77-3-100 

i(, OTHER DOCUMENTS 

J e t  P ropu ls ion  Labora to ry  

PD618- 51 

Functional  Requi rement ,  Mar ine r  
Jup i te r  /Saturn  1977 Spacecra f t  
Requi rements  and Cons t ra in t s  

Functional  Requi rement ,  Mar ine r  
Jup i te r /Sa tu rn  1977 Nominal Aiming 
Po in t  Selection 

Functional  Requi rement ,  M a r i n e r  
Jup i te r  /Saturn  1977 Functional  
Accuracie  s  and Sys tem Capabil i t ies 

Functional  Requi rement ,  Mar ine r  
Jup i te r  /Saturn  1977 Configuration 

Functional  Requi rement ,  Mar ine r  
Jup i te r ISa turn  1977 Iner t ia l  P r o p e r t i e s  

Functional  Requi rements ,  Mar ine r  
Jup i te r ISa turn  1977 Telecommunicat ions  .-. 

M a r i n e r  Jup i te r  /Sa tu rn  1977 Miss ion  
and Science Requi rements  Document,  
Volumes I  and 11. 

M a r i n e r  Jup i te r  /Sa tu rn  1977 P l ane t a ry  
Quarant ine  P l a n  

Mar ine r  Jup i te r  /Sa tu rn  1977 Navigation 
P l a n  



3 . 0  FUNCTIONAL DESCRIPTION 

The  p u r p o s e  of the  MJS77 Navigation S y s t e m  is to  navigate the M i s s i o n  
Module  (MM) f r o m  the  point of i n t e r p l a n e t a r y  in jec t ion  a t  E a r t h  to 
e n c o u n t e r s  with J u p i t e r ,  Sa tu rn ,  and t h e i r  n a t u r a l  s a t e l l i t e s  p e r  the  
r e q u i r e m e n t s  of MJS77-  3- 140, Nominal  Aiming P o i n t  Selec t ion .  T h i s  
t a s k  s h a l l  b e  p e r f o r m e d  to  a l eve l  of p r e c i s i o n  which wil l :  

a )  M e e t  the  a c c u r a c y  r e q u i r e m e n t s  of the  s c i e n c e  e x p e r i m e n t s  given 
b y  PD618-51,  MJS77 M i s s i o n  and Science  R e q u i r e m e n t s  Document ,  
Volume 11, Science  R e q u i r e m e n t s ;  

b )  Sat i s fy  the  p l a n e t a r y  and sa te l l i t e  quaran t ine  c o n s t r a i n t s  given by 
PD618-  114, MJS77  P l a n e t a r y  Quarant ine  P l a n ;  

c )  Conform to  m i s s i o n  opera t iona l  c o n s t r a i n t s .  

A s  a g e n e r a l  r u l e ,  i t  is convenient  t o  s p e a k  of two b a s i c  functions the  
navigat ion  s y s t e m  p e r f o r m s :  

a )  C o n t r o l .  With a combinat ion  of o r b i t  d e t e r m i n a t i o n  and t r a j e c t o r y  
c o r r e c t i o n  m a n e u v e r s ,  d e l i v e r  the  MM t o  a d e s i r e d  t a r g e t  
r e l a t i v e  t r a j e c t o r y .  

b )  Knowledge.  A f t e r  the  t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r  p r i o r  to  
e a c h  p l a n e t a r y  encoun te r  h a s  been  p e r f o r m e d ,  d e t e r m i n e  the  
achieved t r a j e c t o r y  t o  enab le  de l ive r ing  the  sc ien t i f i c  i n s t r u m e n t  
f ie ld-of-v iews to the  d e s i r e d  t a r g e t  o r  aid in  the  in te rp re ta t ion  of 
sc ien t i f i c  d a t a  r e c e i v e d .  

T h e s e  funct ions  a r e  used in  v a r i o u s  combinat ions  t o  p e r f o r m  the t h r e e  
m a i n  navigat ion  t a s k s  a s  shown on  F i g u r e  1 .  They a r e :  

a) Global  T r a j e c t o r y  Con t ro l .  T h i s  t a s k  c o n s i s t s  of a  s e r i e s  of 
Con t ro l  funct ions  and e n a b l e s  the MM t o  p roceed  f r o m  the  E a r t h ,  
to  J u p i t e r ,  and t o  S a t u r n ,  with encoun te r s  of s e l e c t e d  n a t u r a l  
s a t e l l i t e s  a t  e a c h  p lanet .  

b )  L o c a l  T r a j e c t o r y  Con t ro l  and I n s t r u m e n t  Point ing .  T h i s  t a s k  
c o n s i s t s  of a combinat ion  of Con t ro l  and Knowledge funct ions ,  
and is f o r  the  purpose  of obtaining the  f u l l  c o m p l e m e n t  of s c i e n c e  
d a t a  a t  e a c h  i m m e d i a t e  t a r g e t .  

c )  P o s t - F l i g h t  T r a j e c t o r y  Recons t ruc t ion .  T h i s  t a s k  c o n s i s t s  of 
ref ining t h e  Knowledge of the  e n t i r e  t r a j e c t o r y  f o r  the  purpose  
of a id ing the  i n t e r p r e t a t i o n  of the s c i e n c e  d a t a .  

F i g u r e  1 g ives  spec i f i c  e x a m p l e s  under  e a c h  of t h e s e  t a s k s  and ind ica tes  
the  navigat ion s c h e m e  being pursued  t o  a c c o m p l i s h  t h e m  with a r e l i a -  
b i l i ty  c o n s i s t e n t  with the  i m p a c t  e a c h  t a s k  h a s  on the  e n t i r e  m i s s i o n .  



EXAMPLES 

NAVIGATION 
PHILOSOPHY 

F i g u r e  1 .  N a v i g a t i o n  Tasks  
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MJS77 
NAVIGATION 
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GLOBAL 
TRAJE CTORY 

CONTROL 

LOCAL TRAJECTORY 
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INSTRUMENT POINTING 
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TRAJECTORY 

RECONSTRUCTION 

PRECISE NEAR-ENCOUNTER 
TRAJECTORY SO OCCUUA- 
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AVAILABLE 

JUPITER SATE LLITE DELIVERY 
ACCURACY TO BOUND POST- 
JUPITER AV REQUIREMENT, 
SWINGBY TO SATURN, 
RETARGET TO TITAN, 
PLANETARY QUARANTINE. 

RADIO-PRIME 

OPTICAL-VERIFICATION 

SATELLITE DELIVERY CON- 
TROL FOR BEST OCCUUA- 
TION, 
KNOWLEDGE ACCURACY 
FOR INSTRUMENT POINTING 

OPTICAL/RADIO-PRIME 



In o r d e r  to a c c o m p l i s h  the  navigat ion t a s k s ,  r e q u i r e m e n t s  m u s t  b e  
placed on the  MM which a f f e c t  the  following: 

a )  T r a j e c t o r y  c o r r e c t i o n  veloci ty  capabi l i ty  and a c c u r a c y .  

b )  Opt i ca l  d a t a  in  the f o r m  of i m a g e s  f r o m  the Imag ing  
Sc ience  S u b s y s t e m .  

c )  R a d i o m e t r i c  d a t a  - S and X band dopp le r  and r a n g e .  

4 . 0  REQUIREMENTS 

4 . 1  S t a t i s t i c a l  I n t e r p r e t a t i o n  and Des ign  Goa l s  

N u m e r i c a l  r e q u i r e m e n t s  a r e  s t a t ed  e i t h e r  in  t e r m s  of a  99 p e r c e n t  
o r  a  3 u  v a l u e ,  depending on  which method i s  thought m o r e  a p p r o p r i a t e .  
Using the  f o r m e r  me thod ,  i f  the e r r o r  s o u r c e  identif ied h a s  a n  
unbiased,  univar iant  n o r m a l  d i s t r ibu t ion ,  the  speci f ica t ion  is equivalent  
t o  identifying the 2 .  57 s t a n d a r d  devia t ion  (u)  va lue .  The  3 CJ method is 
used p r i m a r i l y  in conjunction with specifying d a t a  s y s t e m  p e r f o r m a n c e .  
In g e n e r a l ,  3 u should b e  i n t e r p r e t e d  a s  a n  upper  bound, but when the 
d i s t r ibu t ion  of the e r r o r  s o u r c e  i s  known to  b e  n e a r l y  n o r m a l ,  the  
i n t e r p r e t a t i o n  can  be  the l i t e r a l  one - 3 t i m e s  the  r m s  e r r o r .  In  c e r t a i n  
c a s e s  a  d e s i g n  goal  ( s t a t ed  in  p a r e n t h e s i s )  i s  a l s o  ident i f ied .  The  
r e q u i r e m e n t s  a r e  n e c e s s a r y  t o  m e e t  m i s s i o n  r e q u i r e m e n t s .  Although 
only the  r e q u i r e m e n t s  a r e  binding, the des ign  goa l s  a r e  identif ied t o  
c a l l  a t tent ion  to a r e a s  w h e r e  s u p e r i o r  p e r f o r m a n c e  could s igni f icant ly  
enhance  e i t h e r  m i s s i o n  r e t u r n  o r  r e l i ab i l i ty .  

4 . 2  In jec t ion  A c c u r a c y  

The  f i g u r e - o f - m e r i t  (FOM) f o r  in jec t ion  a c c u r a c y  i s  defined as the  
s q u a r e  roo t  of the  t r a c e  of the t r a j e c t o r y  c o r r e c t i o n  ve loc i ty  c o v a r i a n c e  
m a t r i x  f o r  m i s s  plus t ime-of- f l ight ,  ca lcula ted  a t  the  t i m e  of the f i r s t  
m a n e u v e r  (L  + 10 d a y s ) .  The F O M  s h a l l  be  b a s e d  upon c o r r e c t i n g  the  
"total"  e r r o r  due  t o  all h a r d w a r e  and s o f t w a r e  e r r o r  s o u r c e s  f r o m  
liftoff th rough  P r o p u l s i o n  Module / M i s s i o n  Module (PM /MM) s e p a r a t i o n .  
F O M  s h a l l  not exceed  2 1 . 0  m e t e r s - p e r - s e c o n d  ( m / s )  (15 m / s )  f o r  a l l  
launch days  e x c e p t  the  opening and c los ing d a y s  due to  the  b u r n  s h o r t  
in jec t ion  philosophy.  T h e  opening and c los ing d a y  F O M  wil l  be  the  
21. 0 m / s  with a c o r r e c t i o n  f o r  b u r n  s h o r t  in j ec t ion .  

1() 4 .  3 P r o p u l s i o n  Module / M i s s i o n  Module Separa t ion  AV 

A t  the  t i m e  of the  P M / M M  s e p a r a t i o n ,  the  r e l a t ive  s e p a r a t i o n  veloci ty  
s h a l l  not  exceed  1  m / s  . 

4 . 4  M a n e u v e r  Or ien ta t ion  

T h e  M M  s h a l l  be  capab le  of p e r f o r m i n g  a  t r a j e c t o r y  c o r r e c t i o n  
m a n e u v e r  i n  a n y  a r b i t r a r y  i n e r t i a l  d i r e c t i o n  f r o m  launch plus 1 d a y  
to  S a t u r n  e n c o u n t e r  m i n u s  2 d a y s .  



Maneuver  Veloci ty I n c r e m e n t  

The MM sha l l  be capable  of de l ive r ing  a to ta l  ve loc i ty  i n c r e m e n t  f o r  
t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r s  of 155 m / s  (164  m l s ) .  

Min imum and M a x i m u m  Mane uver  Veloci ty I n c r e m e n t  

The MM sha l l  be capable  of applying a ve loc i ty  i n c r e m e n t  of between 
0. 1 m / s  and 70 m l s .  

3a) 4. 7 N u m b e r  of M a n e u v e r s  

The MM sha l l  be capable  of p e r f o r m i n g  a t  l e a s t  9 t r a j e c t o r y  c o r r e c t i o n  
m a n e u v e r s .  The n e a r  E a r t h  m a n e u v e r  ( T C M  No. 1 )  can  be p e r f o r m e d  
in s e g m e n t s  not  t o  exceed 2 5  m / s  e a c h ,  if r e q u i r e d  to  ma in ta in  t e m p e r -  
a t u r e  con t ro l  wi th in  accep tab le  l i m i t s .  In addi t ion ,  the  MM s h a l l  be 
capable  of p e r f o r m i n g  s m a l l  (0 .  25 t o  0. 5 m / s )  e a r t h  l ine  ca l ib ra t ion  
m a n e u v e r s ,  one p r i o r  t o  TCM No. 1 and poss ib ly  one p r i o r  t o  TCM 
No. 5 t o  r e d u c e  m a n e u v e r  execut ion  e r r o r s .  

4. 8 Maneuver  Spac ing  

The MM sha l l  be capable  of p e r f o r m i n g  t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r s  
a t  any t i m e  a f t e r  in jec t ion  p lus  six:!: h o u r s  with a  m i n i m u m  s e p a r a t i o n  of 
1 day  and a m a x i m u m  s e p a r a t i o n  of 640 (670)  d a y s .  

Maneuver  Execu t ion  A c c u r a c y  

The m a n e u v e r  execut ion  e r r o r s  sha l l  not  exceed the va lues  speci f ied  in  
Table  1 .  

r ~ a b l e  1 .  Maneuver  Execut ion  E r r o r s  (3s) 

:kRepre sen ta t ive  va lue .  

AV Magni tude  

:I::kWithout Ca l ib ra t ion  Maneuver  

:::::>:With Ca l ib ra t ion  Maneuver  

P e r -  Axis  Poin t ing  

P r o p o r t i o n a l  
(%) 

9 .  0:::::: 
6 .  0:::k::: 

P r o p o r t i o n a l  
(mr) 

20 

Fixed 
(m/  S) 

0 . 2  

F ixed 
( m / s )  

0 .2  



# 4 . 1 0  M a n e u v e r p r o f i l e  

A r e p r e s e n t a t i v e  MJS77 M a n e u v e r  S c e n a r i o  i s  g iven  by Tab le  2. T h e  M M  
w i l l  be  r e q u i r e d  t o  p e r f o r m  a m a n e u v e r  s e q u e n c e  a p p r o x i m a t i n g  t h a t  
g i v e n  by the  t ab l e .  H o w e v e r ,  e n t r i e s  i n  T a b l e  2 c a n  change  ( i n  s o m e  
c a s e s ,  d r a m a t i c a l l y )  w i th  m i s s i o n  p ro f i l e  s o  t h a t  the e n t r i e s  should be 
u s e d  i n  l i g h t  of t he  m i s s i o n  p ro f i l e  being c o n s i d e r e d .  ( S e e  PD618-115 ,  
MJS77  Naviga t ion  P l a n  f o r  m o r e  d e t a i l .  ) 

T a b l e  2. R e p r e s e n t a t i v e  MJS77 M a n e u v e r  P r o f i l e  

::This i t e m  r e f l e c t s  a n  i n t e r e s t  i n  being a b l e  t o  r e - t a r g e t  a MM 
f r o m  its p r i m a r y  a i m p o i n t  t o  a T i t a n  e n c o u n t e r  a i m p o i n t .  I t  i s  
a n  a l l o c a t i o n ,  no t  a r e q u i r e m e n t .  (See  P D 6  18-  1 1 5  f o r  n1 o r e  
d e t a i l .  ) 

M a n e  uve r 

1 

2 

3 

4 

5 

6 

7 

8 

AVq9,  m / s  

4 0 .  3 

6 .  8 

5 . 9  

4 . 1  

4 7 . 7  

7 . 1  

3 . 2  

7 . 0  

E p o c h  

In j ec t ion  t 1 0 d  

J u p i t e r  -300d 

J u p i t e r  -30d 

J u p i t e r  - 4d 

J u p i t e r  t 4 0 d  

S a t u r n  -300d 

S a t u r n  - 30d 

S a t u r n  - 4d 

1 0 4 . 0  

25 .  0 

1 2 9 . 0  

M e a n  A V ,  m  /s 

1 8 .  6 

2 . 1  

1 .  6 

1 . 7  

36. 8 

2 . 4  

1 . 6  

3 .  3 

M i s s i o n  T o t a l  

R e t a r g e t  t o   ita an'^ 

T o t a l  wi th  R e t a r g e t  

68.  2 

25. 0 

93. 2 



4. 11 M i s s i o n  Module  M a s s  

The  M M  m a s s  s h a l l  be d e t e r m i n e d  t o  a n  a c c u r a c y  c o n s i s t e n t  wi th  
MJS77- 3-200,  p r i o r  t o  l a u n c h  and r e c a l i b r a t i o n  p r i o r  t o  e a c h  t r a j e c t o r y  
c o r r e c t i o n  m a n e u v e r  t o  a n  a c c u r a c y  of 0. 5 p e r c e n t  3 r .  

4. 1 2  M i s s i o n  Module M a n e u v e r  Re l i ab i l i t y  

The MM sha l l  have  a  r e l i a b i l i t y  of a t  l e a s t  0 .  99 of being ab le  to  p e r f o r m  
a t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r  fo r  the pe r iod  f r o m  l aunch  t o  l aunch  
p l u s  20 d a y s .  

T h e  MM s h a l l  have  a  r e l i a b i l i t y  of a t  l e a s t  0 . 9 9  of being a b l e  t o  p e r f o r m  
a  t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r  wi th in  30 d a y s  of a  p r e v i o u s l y  execu ted  
t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r ,  o r  wi th in  the  pe r iod  t o  S a t u r n  e n c o u n t e r  
fol lowing a p r e v i o u s l y  execu ted  m a n e u v e r ,  w h i c h e v e r  i s  l e s s .  

T h e  M M  s h a l l  h a v e  a r e l i a b i l i t y  of a t  l e a s t  0 .  90 of being ab le  to  p e r f o r m  
a  t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r  wi th in  300 d a y s  of a p r e v i o u s l y  execu ted  
t r a j e c t o r y  c o r r e c t i o n  m a n e u v e r ,  o r  within the  p e r i o d  to S a t u r n  e n c o u n t e r  
fol lowing the p r e v i o u s l y  execu ted  m a n e u v e r ,  w h i c h e v e r  i s  l e s s  . 

* 4 .  1 3  S p a c e c r a f t  Ef fec t ive  A r e a s  

T h e  M M  ef fec t ive  a r e a s  a r e  def ined  in t e r m s  of the  a c c e l e r a t i o n s  
induced  by  s o l a r  r ad i a t ion  on  t h e  M M .  With the  fol lowing p a r a m e t e r  
def in i t ions  : 

C = s o l a r  c o n s t a n t  

M = M M  m a s s ,  

R = Sun to  M M  d i s t a n c e ,  

- 
a  = M M  a c c e l e r a t i o n  d u e  to s o l a r  r a d i a t i o n ,  

A A A  
X ,  Y ,  Z = unit  v e c t o r s  a long  the  p r i m a r y  M M  a x e s ,  

p e r  MJS77-  3- 180, Conf igu ra t ion ,  

A , A , A  = e f f ec t ive  a r e a s  f o r  e a c h  M M  a x i s ,  the a c c e l -  
X Y Z  e r a t i o n  i s  g iven  by: 

C = speed  of l i gh t  



The effect ive a r e a s  of the MM sha l l  be d e t e r m i n e d  to  a n  a c c u r a c y  of 
10 p e r c e n t  of:, 

4 . 1 4  S h o r t  T e r m  Impulse  Uncer ta in t i e s  

A s h o r t  t e r m  impulse  even t  i s  any  ac t iv i ty ,  excluding t r a j e c t o r y  
c o r r e c t i o n  m a n e u v e r s ,  which i m p a r t s  a  t r ans la t iona l  velocity i n c r e m e n t  
t o  the MM within a s h o r t  in te rva l  of t ime .  E x a m p l e s  include sc ience  
m a n e u v e r s  and a t t i tude  con t r  01 th rus t .  

E v e n t s ,  with the  except ion of those  scheduled between Inject ion and 
In jec t ion plus 1 day ,  sha l l ,  to  the extent  poss ib le ,  b e  scheduled to  o c c u r  
dur ing p e r i o d s  when s imul taneous  doppler  t r ack ing  d a t a  are being 
obta ined.  

The a - p r i o r i  uncer ta in ty  of a l l  s h o r t  t e r m  impulse  even t s  s h a l l  not  
exceed those  va lues  given by Table  3. 

Tab le  3. Allowable A - p r i o r i  Uncer ta in ty  
in  Shor t  T e r m  Impulse  E v e n t s  

Impulse  Uncer ta in ty  
m /s /Week 

0 . 0 5 0  

0 . 0 1 7  

0 .010  

0 . 1 7 0  

0 .070  

0 . 1 4 5  

0 . 0 1 3  

0 . 0 1 0  

0 .170 

0 .070  

0 . 1 4 5  

M i s s i o n  P h a s e  

F r o m  

Injec t ion 

In jec t ion t 1 0 d  

J u p i t e r  - 3 10d 

J u p i t e r  - 100d 

J u p i t e r  -40d 

J u p i t e r  - 7d 

J u p i t e r  t 2 d  

S a t u r n  -310d 

S a t u r n  - 100d 

S a t u r n  - 40d 

S a t u r n  - 7d 

T o  

Inject ion t 1 0 d  

J u p i t e r  -310d 

J u p i t e r  - 100d 

J u p i t e r  -40d 

J u p i t e r  - 7d 

J upi t e  r t 2 d  

Sa tu rn  -310d 

Sa tu rn  - 100d 

Sa tu rn  -40d 

Sa tu rn  - 7d 

Sa tu rn  



4. 1  5 Indigenous Non-Gravi ta t ional  Acce le  r a t ions  

Acce le ra t ions  which a r e  effect ively cons tan t ,  o r  modeled  t e m p o r a l l y  
over  a  twoirear  pe r iod ,  sha l l  be uncer t a in  to  no g r e a t e r  than 
1 . 5  x  10- k m / s Z p e r M M a x i s .  

A c c e l e r a t i o n s ,  which a r e  ef fec t ive ly  cons tant  o r  modeled  t e m p o r a l l y  
o v e r  the 30-day per iod  p r i o r  to  e a c h  p lanet  e n c o u n t e r ,  and which w e r e  
not cons tant  o r  p red ic tab le  o v e r  a  t w o - y e a r  pe r iod ,  s h a l l  be  uncer t a in  
to  no g r e a t e r  than 3  x  1,0-l2 k m / s 2  p e r  M M  a x i s .  

A c c e l e r a t i o n s  which a r e  unpredic table  in t i m e  s h a l l  b e  uncer t a in  to  no 
g r e a t e r  than 3  x  1 0 - l 2  k m / s Z  ( 3  x k m / s 2 )  p e r  MM a x i s .  

During the 30 days  p r i o r  t o  J d p i t e r  and S a t u r n  e n c o u n t e r ,  the  changes  
in  the  Z - a x i s  component  of the  M M  a c c e l e r a t i o n  resu l t ing  f r o m  changing 
E a r t h - p r o b e - S u n  g e o m e t r y  s h a l l  b e  p red ic tab le  to  10 p e r c e n t  ( 0 . 9 9  
probabi l i ty  l e v e l )  of the  a c c e l e r a t i o n  a t  the  s t a r t  of the  sub jec t  30-day 
per iod  . 

4.  16 R a d i o m e t r i c  T r a c k i n g  Da ta  

The MM s h a l l  b e  capable  of rece iv ing an  S-band r a d i o  s igna l ,  modula ted  
with a n  a p p r o p r i a t e  ranging code a s  r e q u i r e d ,  and t ransponding the  - 
c a r r i e r  and code a t  S  a n d l o r  X band.  The a c c u r a c y  of th is  p r o c e s s  s h a l l  
be cons i s t en t  with the  r e q u i r e m e n t s  s e t  f o r t h  by PD618-51,  R e v .  A ,  
M a r i n e r  J u p i t e r  /Sa tu rn  1977 M i s s i o n  and Science  R e q u i r e m e n t s  Docu-  
m e n t ,  Vol. I ,  T a b l e s  5 .  8 . 2  through 5. 8 .  6. T h e  r e q u i r e m e n t s  on the  
MM r a d i o  f r equency  s u b s y s t e m  sha l l  be a s  included in MJS77-3-300,  
Te lecommunica t ions .  

1() 4. 17  Opt ica l  Da ta  

Accura te  and t imely  d e t e r m i n a t i o n  of the pos i t ion  of n a t u r a l  s a t e l l i t e s  
r e l a t i v e  to  background s t a r s  i s  r e q u i r e d  f o r  L o c a l  T r a j e c t o r y  Contro l  
and Knowledge and f o r  Pos t - f l igh t  T r a j e c t o r y  Recons t ruc t ion .  The 
n a r r o w  angle  c a m e r a  of the  imaging sc ience  s u b s y s t e m  (ISS) sha l l  be 
used to  a c q u i r e  imaging f r a m e s ,  r e f e r r e d  to  a s  "navigat ion e x p o s u r e s " ,  
f o r  th i s  purpose .  The n a t u r a l  s a t e l l i t e s  imaged with background s t a r s  
wi l l  include 10, E u r o p a ,  Ganymede ,  and Ca l l i s to  a t  J u p i t e r ,  and M i m a s ,  
Te thys ,  Rhea ,  Ti tan ,  and Hyper ion a t  Sa tu rn .  ( R e f e r r e d  t o  a s  
"Navigation Sate l l i te  s t ' .  ) 

The MM shall:  

a )  Be capable  of obtaining navigat ion e x p o s u r e s ,  a p p r o x i m a t e l y  1 5  o r  
f ewer  p e r  d a y ,  dur ing  the per iod  f r o m  90 d a y s  be fo re  t o  30 d a y s  
a f t e r  e a c h  J u p i t e r  o r  S a t u r n  encounter .  



b )  B e  capable  of pointing the  n a r r o w  angle c a m e r a  to  a n  a r b i t r a r y  
i n e r t i a l  d i r e c t i o n  within the  s c a n  l i m i t s  a s  speci f ied  in  
MJS77-3-180,  Configurat ion,  and to  the  a c c u r a c y  a s  speci f ied  in 
MJS77-  3- 170, Func t iona l  A c c u r a c i e s  and S y s t e m  Capab i l i t i e s .  
The  i m a g e  d r i f t  (L v e c t o r  posi t ion r e l a t i v e  to i n e r t i a l  s p a c e  f o r  
80 p e r c e n t  of the  navigat ion e x p o s u r e s )  s h a l l  not exceed  150 p r a d  
in 10 s  (100 p rad  in 10 s ) .  

The  ISS p e r f o r m a n c e  s h a l l  b e  s u c h  tha t  s t a r s  of magni tude  9 ( s p e c t r a l  
c l a s s  A through K )  s h a l l  b e  de tec tab le  with l imi ted  r e a l - t i m e  d a t a  
p r o c e s s i n g .  The  vidicon r e s e a u  pa t t e rn  ( f iducia l  m a r k s )  s h a l l  b e  
de tec tab le  in a l l  navigat ion e x p o s u r e s .  

Imaging d a t a  qual i ty  f o r  navigat ion e x p o s u r e s  s h a l l  b e  cons  i s t e n t  with 
the  r e q u i r e m e n t s  a s  speci f ied  i n  PD618-51,  Vol .  1 .  

NASA - JPL - Coml., L.A., Calif. 
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FUNCTIONAL ACCURACIES AND SYSTEM CAPABILITIES 

*Denotes Change f r o m  previous issue 

y -  1.0  SCOPE 

This document establ ishes the functional accurac ies  for  
the Mar iner  Jupiter /Saturn 1977 (MJS77) flight equipment, 
defines the maneuver and articulation accuracy  capabilities 
and provides the corresponding s tat is t ical  e r r o r  budgets. 
As such, it specifies the accurac ies  and capabilities for  
the following: 

a )  Execution of t ra jec tory  correct ion maneuvers .  

b) Pointing of antennas. 

c )  Pointing of science instruments.  

d )  Non-gravitational accelerat ion magnitude. 

e )  Execution of launch injection. 

Page 1 of 38 



APPLICABLE D OCUMENTS 

The  following d ~ c u m e n t s  f o r m  a p a r t  of th i s  Functional 
Requirement .  

NOTE 

MJS77-3 - 100, Spacecraf t  Requi rements  and Constra ints ,  
appl ies  t o  th is  document.  Requi rements  of o the r  MJS77 
leve l  3 documents  m a y  a l so  b e  applicable.  I t  i s  the 
responsibi l i ty  of the  u s e r  t o  adequately acquaint  himself  
with t he  organizat ion and per t inent  content of the level  3 
documents,  as well  a s  with the m a t e r i a l  contained here in .  

REQUIREMENTS 

J e t  P ropu ls ion  Labo ra to ry  

MJS77-3-100 Functional  Requirement ,  Mar ine r  Jup i t e r  / 
Saturn  1977 Spacecra f t  Requirements  and 
Cons t ra in t s  

MJS77-3-150 Functional  Requi rement ,  M a r i n e r  Jup i te r  / 
Saturn  1977 Navigation 

MJS77-3- 180 Functional  Requirement ,  M a r i n e r  Jup i te r  / 
Saturn  1977 Fl ight  Equipment,  Configuration 

MJS77-3-200 Functional  Requi rement ,  Mar ine r  Jup i te r  / 
Saturn  1977 Iner t i a l  P r o p e r t i e s  

SPACECRAFT SYSTEM FUNCTIONAL ACCURACY REQUIREMENTS 

Gene ra l  

Miss ion re la ted  functional a c c u r a c i e s  de te rmine  overal l  sy s t em 
per formance .  As a m in imum design requ i rement ,  the following 
mi s s ion  c r i t i c a l  spacec r a f t  ( S I C )  sys t em a c c u r a c i e s  (3a values  
un less  o therwise  s ta ted)  shal l  apply. These  a c c u r a c i e s  a r e  given 
in  t e r m s  of control  ( l i m i t s  of des ign uncertainty) and knowledge 
( l im i t s  of m e a s u r e m e n t  uncertainty) and a r e  re fe renced  t o  the 
spacecra f t  coordinate sy s t em defined in MJS77- 3 -  180,  Configuration. 

3. 1. 1 T r a j e c t o r y  Cor rec t ion  Maneuver  Accuracy  

Del ta  V magnitude and pointing e r r o r s  f o r  t r a j e c to ry  co r r ec t i on  
maneuve r s  shal l  be  in accordance  with the r equ i r emen t s  specif ied 
in MJS77-3-150, Navigation. Miss ion Module (MM) capabil i ty is 
a s  de sc r i bed  in pa r ag raph  5. 1 of th i s  document.  



3 . 1 . 2  High Gain Antenna (HGA) E l e c t r i c a l  B o r e s i g h t  Pointing A c c u r a c y  

The following HGA e l e c t r i c a l  bores igh t  pointing a c c u r a c i e s  with 
r e s p e c t  to  S I C  coord ina tes  shal l  be achieved.  The MAPS capabil i ty 
t o  m e e t  these  r e q u i r e m e n t s  i s  d e s c r i b e d  in  p a r a g r a p h  5. 2 ( T o t a l  of 
both a x e s ) .  

3 . 1 . 2 . 1  T e l e m e t r y  Point ing R e q u i r e m e n t s  (Cont ro l  only) 

2 . 5  m r a d  (0.143") 1 5 . 0  m r a d  ( 0 . 8 6 " )  

3 . 1  . 2 . 2  Rad io  Navigation Point ing R e q u i r e m e n t s  (Cont ro l  only) 

X -band 

5 . 7 6  m r a d  (0 .  33") 

Point ing A c c u r a c v  f o r  S c a n  P l a t f o r m  

T o  m e e t  the a c c u r a c i e s  speci f ied  below, the imaging sc ience  sub- 
s y s t e m  (ISS) n a r r o w  angle c a m e r a  pointing sha l l  be ca l ib ra ted  with 
r e s p e c t  to  S I C  coord ina tes  in f l ight  with a n  assoc ia ted  ca l ib ra t ion  
a c c u r a c y  of 0. 58 m r a d  (0 .033 "). P a r a g r a p h  5 . 3  of th i s  document  
ana lyzes  the e r r o r  a l locat ions  re la ted  to  th i s  r e q u i r e m e n t .  All 
n u m b e r s  a r e  p e r  a x i s  and apply only t o  MM p e r f o r m a n c e  ( t r a j e c t o r y  
uncer ta in t i e s  a r e  not included).  

Control  Knowledge 

2.  5 m r a d  (0.  143")  1 .  5 m r a d  (0 .086  " )  



3. 1 . 4  Science Ins t rument  Alignment Accurac ies  

3 .  1 . 4 .  1 Scan P l a t f o r m  Science Ins t rument  Alignments 

3 .  1 . 4 .  1 .  1 Optical  Bores ight  Al ignments .  T h e  al ignment of the s c a n  p l a t fo rm-  
mounted sc ience  i n s t rumen t s  shal l  be  a s  specif ied below. The 
a l ignments  provide  nest ing of the  va r ious  f ields-of-view (FOV),  and 
6 4  pe r cen t  FOV ove r l ap  of the  i n f r a r ed  i n t e r f e rome te r  spec t rom-  
e te  r and r ad iome te r  subsys t em (IRIS) FOV and the photopolar imeter  
subsys t em ( P P S )  FOV. The a l ignments  of the IRIS, PPS ,  imaging 
sc ience  subsys t em wide angle c a m e r a  (ISSWA), and ul t raviole t  
s p e c t r o m e t e r  subsys t em (UVS) a r e  e x p r e s s e d  in t e r m s  of t h e i r  
bores ight  offsets  with r e s p e c t  to  the  bores igh t  of the imaging 
sc ience  subs  ys t e m  n a r r o w  angle  c a m e r a  (ISSNA) . 

Boresight  t o  Bores igh t  Misal ignment  with 
Respec t  t o  ISSNA 

+IRIS-PPS Over lap  = 64 pe r cen t  

3$ 3. 1 . 4 .  2 Bus Mounted Science Ins t rument  Al ignments .  

Nested 
Within 
ISSNA 

N/A  

Yes 

Yes 

Yes  

a )  The p lane ta ry  rad io  subsys tem ( P R A )  sha l l  be al igned t o  the 
MM axes  ( p e r  ax i s ) :  within f 8 .  7 m r a d  ( 0 .  5 " ) .  

Sc ienc  e 
I n s t rumen t  

ISSWA 

IRIS 1 : ~  
MIRIS 

UVS 

pps:;: 

b)  The p l a sma  wave subsys tem (PWS) shal l  be al igned to  the 1 
MM ax i s  ( ~ ! e r  ax i s ) :  within *8. 7 m r a d  (0 .  5 O). - 

c )  Pho topo la r imete r  subsys tem ( P P S )  po l a r ime t r i c  ca l ibra t ion 
plate ( B r e w s t e r  P la te ) :  *5. 0 m r a d  ( 0 .  29" ) .  

Elevat ion 
( m r a d )  

C r o s s  E leva t ion  
( m r a d )  

Cont ro l  

2.47 
(0.141") 

0. 84 
(0.048") 

0.91 
(0.052") 

0.92 
(0.053") 

Cont ro l  

2 .47 
(0.141") 

0.79 
(0.045") 

4 .39 
(0.252") 

0.85 
(0.049") 

Bores igh t  T o  
B o r e  sight  ( m r a d )  

Knowledge 

0 .43 
(0.025") 

0 .28 
(0.016") 

0.30 
(0.017 ")  

0.28 
(0.016') 

Knowledge 

0.43 
(0 .025")  

0.28 
(0.016') 

0. 56 
(0.032 ') 

0.28 
(0 ,016" )  

Cont ro l  

3.49 
(0,200") 

1 .15  
(0.066") 

Knowledge 

0.61 
( 0 , 0 3 5 " )  

0.40 
(0 .023")  

Mus t  fa l l  within 

~~~~~:~~~ ~ ~ ~ ~ g l e  

1.25 
(0.072") 

0.40 
(0 ,023" )  



3 . 1 . 4 . 3  M a g n e t o m e t e r  Boom Mounted I n s t r u m e n t  Al ignment .  I n s t r u m e n t s  
mounted on the  M a g n e t o m e t e r  Boom s h a l l  b e  al igned to the s p a c e -  
c r a f t  ( S I C )  o r  o t h e r  i n s t r u m e n t s :  

a )  E a c h  Low F i e l d  M a g n e t o m e t e r  ( L F M )  i n s t r u m e n t  mounting 
s u r f a c e  to  S I C  coord ina te  a x e s  ( p e r  a x i s ) .  

Con t ro l  Knowledge 

1 7 . 4 5  m r a d  (1 .  0 " )  12.  22 m r a d  (0 .  7 " )  

b) E a c h  L F M  i n s t r u m e n t  mounting s u r f a c e  to  i t s  companion L F M  
i n s t r u m e n t  mounting s u r f a c e  ( p e r  a x i s ) .  

Con t ro l  Knowledge 

6 . 9 8  m r a d  (0 .40 ' )  6 .  98 m r a d  ( 0 . 4 0 ' )  
@ Earth::: 

4 .  36 m r a d  (0.  2 5 " )  
@ Jupi te  r and 

S a t u r n  

c )  E a c h  High F i e l d  M a g n e t o m e t e r  (HFM)  i n s t r u m e n t  mounting 
s u r f a c e  t o  S I C  coordinate  a x e s  ( p e r  a x i s ) .  

Con t ro l  Knowled pe 

6. 98 m r a d  ( 0 . 4 " )  3. 49 m r a d  ( 0 .  2 " )  

d )  E a c h  HFM i n s t r u m e n t  mounting s u r f a c e  to  i t s  companion 
H F M  i n s t r u m e n t  mounting s u r f a c e  ( p e r  a x i s ) .  

Con t ro l  Knowledge 

3 . 4 9 m r a d ( 0 . 2 " )  1 . 7 5 m r a d ( 0 . 1 ° )  

$6 3 . 1 . 4 . 4  Science  Boom Mounted I n s t r u m e n t s .  I n s t r u m e n t s  mounted on the  
Science  Boom s h a l l  b e  al igned t o  I n e r t i a l  Space  a s  speci f ied  
be low : 

Cont ro l  Knowledge 

a )  Lon1 E n e r g y  Charged 
P a r t i c l e  Subsys tem 
( L E C P )  3 4 . 9 1  m r a d  ( 2 . 0 " )  

J, 1. 

4.  36 m r a d  (0 .  2 5 " )  s h a l l  be  a des ign  goa l .  



Control  Knowledge 

b) Cosmic  Ray 
Subsys tem (CRS) 34.91 m r a d  ( 2 . 0 " )  34.91 m r a d  ( 2 . 0 " )  

c )  P l a s m a  Subsys tem 
( P L S )  34.91 m r a d  (2.  0 " )  4 .36  m r a d  (0 .  25") 

?fe 3. 1 . 4 .  5 Science Cal ibra t ion Surfaces .  Science cal ibra t ion su r f ace s  shall  
be al igned to the S I C  axes  a s  follows: 

Control  Knowledge 

a )  B rews t e r  plate *8.7 m r a d  (0 .  5 " )  *4. 3 m r a d  (0.25') 
( p e r  ax i s )  

b)  Cal ibra t ion t a rge t  *8. 7 m r a d  (0 .  5 " )  *8.7 m r a d  (0 .  5") 
( p e r  a x i s )  

3 . 1 . 5  Non-gravitat ional  Acce le ra t ion  Magnitude Requi rements  

The  indigenous non-gravi ta t ional  acce le ra t ion  r equ i r emen t s  sha l l  
not exceed the  al location specif ied in MJS77-3-150. The in te r -  
pre ta t ion of t he se  r equ i r emen t s  and a n  ana lys i s  of the  MM's  
capabi l i t ies  toward meet ing these  r equ i r emen t s  a r e  contained in 
pa r ag raph  5 .4  of th i s  document.  

P ropu l s  ion Module F i g u r e  -of -Mer  it 

The  PM f igu re -o f -mer i t  (FOM) i s  defined in MJS77-3-150. P a r a -  
g r aph  5. 5 of th i s  document  ana lyzes  the  e r r o r  s o u r c e s  contributing 
t o  the  FOM. 

a )  S / C  cen te r  of m a s s  (CM) - The SIC CM shal l  be al igned with 
the  S I C  coordinate s y s t e m  a s  defined in MJS77-3-200, 
Ine r t i a l  P r o p e r t i e s .  

b)  Var ia t ions  in the  S I C  CM subsequent to m a s s  p rope r t i e s  
ver i f ica t ion sha l l  be control led  a s  defined in MJS77-3-200. 

c )  The S I C  Z ax i s  shal l  be perpendicular  t o  the launch vehicle 
in terface  plane within 2 m r a d  (0. 11 " ) .  



SUBSYSTEM FUNCTIONAL ACCURACIES 

General 

The sub system functional accuracies required to achieve the system 
accuracies of paragraph 3.1 a r e  specified in the following paragraphs. 
Fo r  convenience, they a r e  grouped according to the responsible sub- 
system and elements therein. Directional control and knowledge of 
the S /C ' s  electrical and optical lines of sight a r e  determined using 
the accuracies specified herein. All accuracies specified a r e  30- 
values unless otherwise noted. 

These functional accuracies .are mechanical, electrical, and optical 
in nature. 

a )  Mechanical functional accuracies consist of alignment toler - 
ances of mounting surfaces and mechanical backlash and 
mechanical stability . 

b) Electrical functional accuracies consist of pointing accuracies 
of antenna patterns, timing quantization and control accuracies 
of electronic circuits, electrical null offsets and scale-factor, 
noise and drift e r ro rs .  

c)  Optical functional accuracies consist of alignment tolerances 
of sensor optics. 

Spacecraft reference planes, cartesian coordinates, spherical 
coordinates (aximuth/elevation) and the elevation/cros s- elevation 
angles on the scan platform a r e  the four basic means for defining 
points, lines or  positions on the SIC. These coordinate systems 
a r e  defined in MJS77-3-180. 

4.2 Accuracies Provided by the Structure Subsystem 

4 .2 .1  Spacecraft 

a )  Misalignment of PM coordinate 
axes with SIC axes. 

a )  X and Y Axes *O. 5 mrad  (0.03O) 
b) Z Axis *O. 33 mrad (0.02 O )  

b) Contribution of MM truss  mounting hole *0. 381 mm 
patterns (MM and PM interfaces) to (0. 01 5 in. ) 
radial offset of PM coordinate axes 
from SIC axes ( X  and Y axes only) 

4.2.2 Science Platform 

a ) Scan Platform Gimbal 

1) Azimuth axis normal to 
elevation axis. 

2 .  5 mrad ( 0 .  1 4 " )  



2) Azimuth actuator case  pin 2.5 m r a d  (0. 14") 
offset angle to  boom interface 
plane. 

3) Elevation actuator case  pin 
offset angle with L vector.  

2.5 m r a d  (0. 14") 

4) Misalignment of azimuth actuator 6 .9  m r a d  (0.39") 
dr ive shaft slot with elevation 
dr ive ax is .  

5) Misalignment of elevation actuator 7.0 m r a d  (0.40 " )  
drive shaft slot with the azimuth 
dr ive axis .  

b) Platform Mounting Surface 

1) L- vector perpendicularity 2.0 m r a d  (0.11") 
to  elevation axis.  

c )  Bus Structure Related E r r o r s .  

1) Azimuth axis  angular m i s  - 17.45  m r a d  (1. 0") 
alignment to reference plane A. 

2) 100days tab i l i t yo f  I t e m 1 ) a t  0.33 m r a d  (0.02") 
Jupiter /Saturn.  

3) Misalignment of azimuth actuator 9.0 m r a d  (0.52 " )  
case  pin to S /C X axis.  

4) 100 day stability of Item 3 a t  0.33 m r a d  (0.02 ') 
Jupiter /Saturn. 

4.2.3 Structural  Alignment Accuracies  of Attitude and Articulation 
Control (AACS) Equipment 

4.2.  3. 1 Dry Inertial Reference Unit (DRIRU) Sensor Subassembly. The 
inertial  sensors  subsystem (ISS) package shall be aligned to the 
S I C  coordinate axes within: 

a )  X and Z axes .  2 .  0 mrad  (0.  1 1 5 " )  

bl Y axis.  1 .  4 mrad  (0 .  0 8 " )  



4.2.3.2 Canopus Star  T r a c k e r s  

a )  ' Line a c r o s s  the outboard edge of the 2 . 0  m r a d  (0 .11" )  
alignment pins (para l le l  to  reference 
plane A) and inclined 35 deg to the MM 
X-axis (clock e r r o r ) .  

b )  Canopus s t a r  t r a c k e r s  mounting s u r -  5 .0 m r a d  (0 .29")  
f aces  paral le l  to reference plane 
A (cone e r r o r ) .  

c )  Canopus s t a r  t r a c k e r s  mounted s u r -  5 . 0  m r a d  (0.29")  
f aces  paral le l  to  re ference  plane A 
(FOV rotation e r r o r ) .  

4 .2 .3.3 Sun Sensors  

a )  Angular alignment between the 
projection of a line normal  to  the 
mounting surface onto the pitch 
plane ( Y  -Z)  and a line normal  to 
re ference  plane A. 

b)  Angular alignment between the 
projection of a line normal  to  the 
mounting surface onto the yaw 
plane ( X - Z )  and a line normal  to 
re ference  plane A (rotated 104. 7 
m r a d  ( 6 ' )  about the Yaw axis) .  

2 .2  m r a d  (0.13") 

4.1 m r a d  (0.23 ' )  

4 .2.3.4 Scan Plaff o r m  Azimuth and Elevation Actuator s. Alignment 

a )  Actuator /dr ive  ax is  interface 
backlash. 

b) Actuator /dr ive  ax is  windup 
e r r o r  for  maximum stick 
friction, 

0.50 m r a d  (0.03') 

0.7 m r a d  (0.04") 

c )  Drive ax is  bearing clearance.  0.0 

4.2.4 Structural  Alignment Accuracies  of Propulsion Equipment 

a )  Each IPU engine (pitchlyaw and rol l )  mounting hole pattern 4 
shal l  be located in reference to  the P M  coordinate axes 
within 1 . 5 2 4  mm (0.060 in.  ) radius .  

b) Each IPU engine ( ~ i t c h / ~ a w  and ro l l )  mounting surface shall  1 
be aligned with the P M  coordinate axes within 4. 4 mrad  
(0. 25"). 



c )  Solid m o t o r  bol t  c i r c l e  r a d i a l  o f fse t  
f r o m  P M  c o o r d i n a t e  s y s t e m  
( i n  X- Y p lane ) .  

d )  Poin t ing  t o l e r a n c e  of SRM r i n g  
c e n t e r l i n e  w i t h  n o m i n a l  c e n t e r  of 
m a s s  p o s t -  i n j ec t ed  S /  C. ( T h i s  
i s  a r a d i a l  o f fse t  u n c e r t a i n t y . )  

e )  S I C  ( P I M ,  M M  a n d  M M  T r u s s )  
r e a s s e m b l y  a l i g n m e n t  t o l e r a n c e  
( p e r  a x i s ) .  

4 . 2 . 4 . 2  T C A P U  (MM)  

a) R a d i a l  o f fse t  of h y d r a z i n e  tank  
5 t o  S / C  Z a x i s .  

b) Cent ro id  of h y d r a z i n e  p r o p e l l a n t  
l i n e s  r e l a t i v e  t o  S / C  a x e s .  

c )  R a d i a l  o f fse t  of TCAPU a t t i t ude  
t h r u s t e r  moun t ing  s u r f a c e  t o  S I C  
c o o r d i n a t e  s y s t e m .  

d )  Angu la r  m i s a l i g n m e n t  of TCAPU 
a t t i t ude  t h r u s t e r  moun t ing  s u r f a c e  
t o  S I C  c o o r d i n a t e  s y s t e m .  

e )  R a d i a l  o f fse t  of t r a j e c t o r y  c o r r e c t i o n  
t h r u s t e r  s u p p o r t  b r a c k e t  to S / C  
c o o r d i n a t e  s y s t e m .  

f )  Angu la r  m i s a l i g n m e n t  of t r a j e c t o r y  
c o r r e c t i o n  t h r u s t e r  s u p p o r t  b r a c k e t  
mount ing  s u r f a c e  t o  S I C  c o o r d i n a t e  
s y s t e m .  

zk0.038 mm 
( 0 . 0 1  5  in .  ) 

*0 .178  m m  
( 0 .  007 in.  ) 

* 1 .  2 7  m m  
( 0 . 0 5 0  in.  ) 

l t6.  35 m m  
(0. 25 in. ) I 
*1. 524 m m  
( 0 . 0 6 0  in .  ) 

*4. 36 m r a d  
( 0 .  25" )  

0 .  445 m m  
( 0 .  01 75 in.  ) I 
R a d i u s  

4. 0  m r a d  
( 0 .  23 " )  I 

4 . 2 . 5  S t r u c t u r a l  A l ignmen t  A c c u r a c i e s  of Mechan ica l  D e v i c e s  E q u i p m e n t  

4. 2.  5. 1 M a g n e t o m e t e r  Boom.  S t r u c t u r a l  and m e c h a n i c a l  d e v i c e s  con-  
t r i b u t i o n s  t o  a l i g n m e n t  a c c u r a c y  of the  m a g n e t o m e t e r  i n s t r u m e n t s  
and  S / C  c o o r d i n a t e s  o r  i n s t r u m e n t  t o  i n s t r u m e n t  a l i g n m e n t s  a r e  
p r e s e n t e d  in the  accompany ing  t ab l e .  A l ignmen t  a c c u r a c i e s  of the 
M M  B u s ,  MAG B o o m  O u t r i g g e r ,  MAC B o o m  Suppor t  S t r u c t u r e ,  
MAG B o o m  D a m p e r ,  A s t r o M a s t  and I n s t r u m e n t  Mounts  have  been  
combined  in to  the d a t a  of t h i s  t ab l e .  T h o s e  combina t ions  f o r  which  
n o  knowledge d a t a  i s  shown a r e  no t  m e a s u r e d  subsequen t  t o  i n s t a l l a -  
t ion  of the i n s t r u m e n t s .  T h e  only c o n t r i b u t o r  t o  d i f f e r e n c e s  be tween 
c o n t r o l  and knowledge i s  t h e r m a l  d i s t o r t i o n  of the a s t r o  m a s t .  



4.2.5.2 RTG Boom 

Instrument  / 
System 

OBLFM-SIC Coord.  

N e a r  E a r t h  

N e a r  J u p i t e r  

N e a r  S a t u r n  

I B L F M - S I C  Coord.  

N e a r  E a r t h  

N e a r  J u p i t e r  

N e a r  S a t u r n  

OBLFM-IBLFM 

N e a r  E a r t h  

N e a r  J u p i t e r  

N e a r  Sa tu rn  

IBHFM-SIC Coord.  

OBHFM-S/C Coord.  

IBHFM- OBHFM 

a )  RTG boom deployment angle 
inclination to SIC Y axis.  

b) RTG boom deployment a x i s  
inclination to SIC X axis .  

*17. 5 m r a d  (1 .0  ") 

5 m r a d  (0.29") 

X 

9.93 
(0.57") 

6.59 
(0.38") 

6.04 
(0.35") 

7.33 
(0.42") 

5.88 
(0.33") 

5.69 
(0.33') 

4.05 
(0.23") 

2.66 
(0. 15") 

2.46 
(0. 149)  

NA 

NA 

NA 

X 

25.39 
(1.45") 

12.37 
(0.71 " )  

9.48 
(0.54') 

15.59 
(0.89') 

8.49 
(0.49") 

7.20 
(0.41 " )  

10.43 
(0.60") 

5.01 
(0.29') 

3.97 
(0.23") 

2.58 
(0.15") 

2.75 
(0. 16") 

1.72 
(0.10") 

Knowledge 

Y 

8.51 
(0.49") 

5.68 
(0.33") 

5.18 
(0.30") 

4.93 
(0.28") 

4.75 
(0.27") 

4.72 
(0.27") 

6. 67 
(0.38") 

3.56 
(0.20") 

2.97 
(0.17") 

NA 

NA 

NA 

(mrad)  

z 

8. 51 
(0.49") 

5.68 
(0.33") 

5. 18 
(0.30") 

4.93 
(0.28") 

4.75 
(0.27") 

4.72 
(0.27") 

6. 67 
(0.38") 

3.56 
(0.20") 

2.97 
(0.17") 

NA 

NA 

Control  (mrad)  

Y 

15.24 
(0.87") 

8.02 
(0.46") 

6.50 
(0.37") 

5.03 
(0.29") 

4.76 
(0.27") 

4 .73 
(0.27") 

13.48 
(0.77") 

6.30 
(0.36") 

4.74 
(0.27") 

2.99 
(0.17") 

3.09 
(0. 18') 

1.57 
(0.09") 

z 

14.48 
(0.83") 

7.78 
(0.45") 

6.86 
(0.39") 

5.80 
(0.33") 

4.96 
(0.28") 

4.82 
(0.28") 

10.73 
(0.61") 

5.19 
(0.30") 

3.97 
(0.23") 

2.99 
(0.17') 

3.09 
(0.18") 

1.57 
(0.09") 



4. 2 . 6  S t r u c t u r a l  A l ignmen t  A c c u r a c i e s  of An tennas  

a) M e c h a n i c a l  b o r e s i g h t  m i s a l i g n m e n t  1 .  1  m r a d  (0 .  06 " )  
and s t ab i l i t y  of the  low g a i n  an tenna  
p e r p e n d i c u l a r  t o  r e f e r e n c e  p lane  A. 

b) M e c h a n i c a l  b o r e s i g h t  m i s a l i g n m e n t  1 .  1  m r a d  ( 0 .  06 " )  
and s t ab i l i t y  of the  high g a i n  an t enna  
i n  cone  a n g l e  t o  r e f e r e n c e  p l ane  A. 

c )  100  d a y  s t r u c t u r a l  s t ab i l i t y  of the  0.  25 m r a d  ( 0 . 0 1 4 " )  
h igh  ga in  an t enna  i n  cone  a n g l e  t o  
r e f e r e n c e  p lane  A. 

4 . 2 . 7  S t r u c t u r a l  A l ignmen t  A c c u r a c i e s  of N o n - P l a t f o r m  Mounted 
S c i e n c e  I n s t r u m e n t s  

a )  C o s m i c  r a y  s u b s y s t e m  ( C R S )  17 .  5  m r a d  ( 1 .  0  " )  Cone 
mount ing  s u r f a c e  t o  S I C  c o o r d i n a t e s  17 .  5  m r a d  ( 1 .  0  " )  Clock  

b) P l a n e t a r y  r a d i o  a s t r o n o m y  sub-  2 . 0  m r a d  ( 0 . 1 1  " )  Cone 
s y s t e m  ( P R A )  moun t ing  s u r f a c e  
m i s a l i g n m e n t  t o  p l ane  A.  

c )  P R A  mount ing  s u r f a c e  m i s a l i g n m e n t  4. 0 m r a d  ( 0 .  23" )  Clock  
t o  S I C  c o o r d i n a t e s .  

d )  Low e n e r g y  c h a r g e d  p a r t i c l e  sub -  17 .  5 m r a d  (1 .  0  " )  Cone 
s y s t e m  ( L E C P )  moun t ing  s u r f a c e  17 .  5  m r a d  ( 1 . 0 " )  C lock  
t o  S I C  c o o r d i n a t e s .  

e )  P l a s m a  s u b s y s t e m  ( P L S )  moun t ing  8. 7  m r a d  ( 0 .  5  " )  Cone 
s u r f a c e  t o  S I C  c o o r d i n a t e s .  8. 7 m r a d  ( 0 .  5 " )  C lock  

f )  MAG boom mount ing  s u r f a c e  
X Axis  2. 5  m r a d  ( 0 .  1 4 " )  
Y and  Z Axes .  P e r  A x i s  3 .  0 m r a d  ( 0 .  1 7 " )  

* 4 ,  2. 8 S t r u c t u r a l  A l i g n m e n t  A c c u r a c i e s  of S c i e n c e  C a l i b r a t i o n  
S u r f a c e s  

Mounting p l a n e s  of the  s c i e n c e  c a l i b r a t i o n  s u r f a c e s  s h a l l  b e  a l i gned  
to S I C  c o o r d i n a t e s  a s  s t a t e d  below: 

a )  B r e w s t e r  p l a t e  a n g u l a r  ( p e r  a x i s )  *4. 3 m r a d  ( 0 .  25")  

b )  C a l i b r a t i o n  t a r g e t  a l i gned  t o  t h e  
S I C  X- Z P l a n e  *4. 3  m r a d  ( 0 .  25") 

*4. 2 . 9  S t r u c t u r a l  A l i g n m e n t  A c c u r a c i e s  of S c a n  P l a t f o r m  Mounted  
S c i e n c e  I n s t r u m e n t s  

T h e  s c a n  p l a t f o r m  i n s t r u m e n t  mount ing  s u r f a c e s  s h a l l  be  p a r a l l e l  
J r  p e r p e n d i c u l a r  t o  t h e  ISSNA r e f e r e n c e  s u r f a c e  a s  d e s c r i b e d  below,. 
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4 . 3  Accurac ies  Provided by the Computer Command Sub system (CCS) 

Ins t rument  
Mounting 
Surface 

ISSWA 

IRIS / 
MIRIS 

P P S  

UVS 

a) Roll, yaw, and pitch tu rn  duration 8.7 ms 
resolution e r r o r  (*5 m s ) .  

b)  Max TCAPU shutdown command 5 m s  
delay. 

Reference 
Surface 

ISSNA 

ISSNA 

ISSNA 

ISSNA 

4 . 4  Accurac ies  Provided by the Flight Data Subsystem (FDS) 

Measurement  uncertainty. *1/2 DN 

Accuracies  Provided by the AACS 

Elevation (mrad)  

a 4.5.1 Celestial  Sensor  Accurac ies  

Control  

0 .6  
(0.034") 

0.6 
(0.034") 

0.7 
(0.040') 

0.6 
(0.034') 

C r os s Elevation 
( m r a d )  

a )  E r r o r  voltage electronics  scale  fac tor  
stabil i ty is :  *7% 

Knowledge 

0.40 
(0.023O) 

0.40 
(0,023 O )  

0.45 
(0.026O) 

0.40 
(0.023 ') 

Contr 01 

0.6 
(0.034 ') 

0.53 
(0.030 ') 

0.6 
(0.034 ') 

2.45 
(0.140")  

b)  Null offset tolerance a t  room t emper -  
a ture ,  for  sun dis tances  between 1. 5 
and 10 AU, and no light s t r e s s s  is:  8. 73 m r a d  (0. 5")  

Knowledge 

0.40 
(0.023 O )  

0.37 
(0.02 1 O )  

0.40 
(0,023 O )  

0.48 
(0.028") 

c )  Null offset stability for  a l l  expected 
miss ion  conditions within the temp- 
erature .  range of 22.5"C to  -7.5'C, 
within the sun distance range of 1 AU 
to  10 AU, and f o r  the expected light 
exposure t ime and angular d i s t r i -  
butions is:  26.18 m r a d  ( 1 . 5 " )  



d )  Z e r o  e r r o r  voltage s tabi l i ty  f o r  all expected 
m i s s  ion conditions within the  t e m p e r a t u r e  
range  of 22. 5 ° C  to  -7. 5"C, within the sun  
d i s tance  range  of 1 AU to  10  AU, f o r  the  
expected light exposure  t i m e  and angular  
d is t r ibut ions  sha l l  have the  following t o l e r  - 
ances  over  the  full  F O V  fo r  the specif ied sun  
d i s tance  r anges  and light exposure  t i m e s :  

1 ) 1 .0  t o  1. 5 AU and 9 days  of light 
exposure:  7 . 6 8  m r a d  (0 .44 ' )  

2)  1. 5 t o  10  AU and 3 days  of light 
exposure:  2. 0 m r a d  (0 .12 ' )  

3)  1. 5 t o  10  A U  and 0. 5 days  of light 
exposure:  0.593 m r a d  (0 .034 ' )  

e )  E lec t ron ic  noise :  

4 . 5 . 2  HYPACE Accu rac i e s  

a )  Sun s e n s o r  b ias  command 
resolut ion (1 bi t ) .  

b )  100 day sun s e n s o r  b ias  c a l i b r a -  
t ion accu racy  and dr i f t  e r r o r  
( p e r  ax i s ) .  

c )  5 y e a r  sun  s e n s o r  b ias  ca l ibra t ion 
accu racy  and dr i f t  e r r o r  ( p e r  ax i s ) .  

d )  Limit  cycle switching quantizat ion 
(1  bi t ) .  

e )  Attitude posit ion es t imat ion  e r r o r  
( 2  bi t )  

f )  Attitude posit ion s ignal  quantizat ion 
e r r o r  (1  bi t) .  

g )  Limit  cycle  null offset  due to  
e lec t ron ics  ( p e r  ax i s ) .  

h )  Deadband vaiat ion due t o  
e lec t ron ics .  

#? 4 . 5 . 3  DRIRU Accurac ies  

a )  Uncalibrated gy ro  and in tegrator  
d r i f t  r a t e  uncer ta inty  ( p e r  ax i s ) .  

b )  Cal ibra ted gy ro  and in tegrator  
d r i f t  r a t e  uncer ta inty  ( p e r  ax i s ) .  

1 ) 24 hour  durat ion 

0. 05 volts  
peak-to-peak 

0 .70 m r a d  ( 0 . 0 4 " )  

0. 349 m r a d  (0. 02" )  

0. 87 m r a d  (0. 05" )  

0.052 m r a d  (0 .003 ") 

0.105 m r a d  (0.006") 

0. 052 m r a d  (0 .003 ") 

1 .75  m r a d  ( 0 . 1  ") 

*2 Yo 



c )  Gyro sensit ive misalignment about 1.73 m r a d  (0.10" ) 
each of two orthogonal axes.  

d )  Command turn  r a t e  calibration 26.18 m r a d l h r  
e r r o r  per  axis.  (1. 5 " ) / h r  

e )  G y r o g s e n s i t i v e d r i f t r a t e .  

* 4.5 .4  Articulation Control Accuracies  

a )  Scan actuator s tep resolution. 0. 52 m r a d  (0.03") 

b) Feedback potentiometer 
non-linear ity. 

0.26 m r a d  (0. 01 5") 

c )  Feedback calibration e r r o r .  0. 52 m r a d  (0.03') 

d)  Control loop noise and drift.  10 mV 

4.6 Accuracies  Provided By The  Propulsion Subsystem 

4.6.1 Propulsion Module Accuracies 

a )  IPU Engine Performance. 

1) Engine to engine thrus t  
variation (per  axis).  

b) Alignment. 

1) Thrus t  vector to  nozzle 
centerline. 

(a) Radial offset. *1, 27  m m  (0. 05 in. )::: 

(b) Angular misalignment. *8, 7 3  mrad  (0, 50"):: 

c) Mounting. 

1) Radial offset of nozzle center-  *0. 76 m m  (0. 030 in. ) 
line relat ive to outrigger 
s t ruc tura l  mounting hole 
pattern (5-lb engine) 

i 

::: Measured a t  nozzle throat  



2) Radia l  offset  of nozzle  cen te r -  
l ine re la t ive  to ou t r igger  
s t r uc tu r a l  mounting hole 
pat tern  (100 l b  engine). 

3) Angular misa l ignment  of 
nozzle cen te r l ine  re la t ive  
to ou t r igger  s t r uc tu r a l  
mounting plane. (100 l b  engine) 

4) Angular misa l ignment  of 
nozzle cen te r l ine  re la t ive  
to ou t r igger  s t r uc tu r a l  
mounting plane. ( 100 l b  engine) 

Solid Rocket  Motor 

a )  Pe r fo rmance .  

*1. 27 m m  (0. 050 in. ) 

*4. 36 m r a d  (0. 25")  

*8. 73 m r a d  (0. 50" )  

1) To ta l  impulse  uncertainty.  *O. 75% 

2) L a t e r a l  f o r c e  ( m e a s u r e  a t  177. 92 n (40 lbf) 
nozzle exit) .  

a 

3) Radia l  o f f s e t  of t h ru s t  vec to r  1. 26 m m  (0. 05 in.) 
to nozzle  E. 

I 

b) Alignment. 

1) Radia l  offse t  of nozzle  6: to  *O. 18 m m  (0. 007 in. ) 
motor  c a s e  c .  

2) Angular misa l ignment  of 0. 35 m r a d  (0. 02")  
nozzle  5 to mo to r  c a s e  5. 

3) Misal ignment  of t h ru s t  E Included in  a)2)  above 
and nozzle  E (angular  and 
rad ia l )  . 

c) Mounting 

1) Radia l  offse t  of mo to r  c a s e  E *O. 25 m m  (0. 010 in. ) 
to mo t o r  a t t achment  flange 
(bolt c i r c l e  - c a s e  eccentr ic i ty) .  

2 )  Angular misa l ignment  0, 11 m r a d  (0. 0064" ) 
between motor  c a s e  5 and 
a t t achment  flange. 

d) Center  of m a s s .  

1) Radia l  offse t  p r i o r  to ignition. *O. 43 m m  (0. 017 in. ) 

2) Radia l  offse t  dur ing bu rn  *O. 76 m m  (0. 030 in, ) 

3) Radia l  offse t  post -burn *O. 86 m m  (0. 034 in. ) 

4) Radia l  offset  dur ing bu rn  k4. 07 m m  (0. 16 in. ) F4 

( r e s u l t  of t e m p e r a t u r e  
gradient  - w o r s t  c a s e  a t  end 
of burn.  ) 

I 



5) Axial off s e t  before ignition. rt1.78 cm (0 .70  i n . )  

'6) Axial off se t  a t  end of burn.  1 1 . 7 8  cm (0 .70  in. ) I 
4.6. 3 TCAPU Accuracies  

4.6.3.1 Thrus te r s  

a )  Per formance .  

1) Thrus ter  to  thrus ter  th rus t  *5% 
variation. 

2) Pu l se  impulse predictability . 
( a )  During cru ise .  *20% 

(b) During high r a t e  slews, *5070 

3)  TCM impulse e r r o r  (4 th rus t e r s )  f4.82%:: 

b)  Alignment. 

1) Thrus t  vector to nozzle $. 

(a )  Radial off set .  *0.25 m m  (0.010 in. ) 

(b) Angular misalignment.  8.73 m r a d  (0. 50°) 

c )  Mounting. 

1) Radial off s e t  of nozzle $ Al.78 mrn (0.070 in.)  
re lat ive to  MM mounting 
surface.  

2 )  Angular misalignment of 8 .7 m r a d  (0. 50°) 
nozzle $ relat ive to  MM 
mounting surface.  

* 4. 6. 3.2 Liquid Propel lant  System 

a )  Center  of m a s s  (CM) - propellant 
i n  tank relat ive to propellant tank 
center .  

1) Radial off s e t  a t  SRM ignition. k22.86  m m  (0.90 in. ) 

2) Axial off s e t  at SRM ignition. *5. 08 mm (0. 20 in. ) 1 

::: *2. 0% following a 0. 2 to 0. 5 m / s  Earthline Calibration Maneuver. 



3 )  Radial  offset  a t  end of SRM *5.08 m m  (0. 20 in. ) 
burn.  

4 )  Axial offset a t  end of SRM *20. 32 mm (0. 80 in. ) ( 
burn.  

b )  CM of propellant  in propel lant  *6.  35 rnm (0. 25 in. ) 4 
l ines  ( r ad i a l  offset) .  

Accu rac i e s  Provided bv the SIX-Band Antenna Subsvstem 

1 High Gain Antenna 

Misal ignment  between the mechanical  bores igh t  and e lec t r i ca l  
bores igh t .  (5  y e a r  s tabi l i ty) .  

a )  S-band (pe r  ax i s ) .  0. 87 m r a d  (0. 05" ) 

b )  X-band (per  ax i s ) .  0 .87 m r a d  ( 0 . 0 5 " )  

c )  100 day e l ec t r i c a l  s tabil i ty 
of HGA ( p e r  ax i s ) .  

4 . 7 . 2  Low Gain Antenna 

0. 18 m r a d  (0. 01" ) 

Misal ignment  between the mechanical  bores ight  and e l ec t r i c a l  
bores igh t .  (5 -year  s tabi l i ty  ). 

a )  S-band (per  a x i s )  1. 75 m r a d  (0. 1 0 " )  

b )  100 day e l ec t r i c a l  s tabil i ty 
(pe r  axis  ) 

0. 18 m r a d  (0.  01" ) 

4 . 8  Alignment Accu rac i e s  Prov ided  by Science Ins t ruments  

4 . 8 .  1 Alignment Accu rac i e s  of Non-Pla t form Ins t ruments  

4. 8 .  1. 1 Magnetometer  (MAG). Misal ignment  of *3.5 m r a d  (0. 20" )  
the MAG s e n s o r  coi ls  and the s e n s o r  
mounting su r f ace  (Knowledge) ( pe r  axis  ). 

4 .8 .  1. 2 Low Ene rgy  Charged P a r t i c l e s  Subsys tem *17.48 m r a d  (1. 0"  ) 
( L E C P ) .  Alignment of the cen te r l ine  of 
the te lescope look angle to the ins t rument  
mounting su r f ace s .  

4 . 8 .  1. 3 Cosmic  Ray Subsys tem (CRS). Misal ign-  4. 36 m r a d  (0. 2 5 " )  
men t  of the s e n s o r  bores igh t  to the i n s t ru -  
m e n t  mounting su r f ace  (per  ax i s ) .  

$ 4 . 8 . 1 . 4  P l a s m a S u b s y s t e m ( P L S ) .  Al ignmentof  *0.87 m r a d  (0 .  05" ) 
the ins t rument  bores igh t  to  ins t rument  - 
al ignment  m i r r o r  cube (pe r  ax i s ) .  

4. 8. 1. 5 P l ane t a ry  Radio As t ronomy Subsys tem 4.  36 m r a d  (0 .  2 5 " )  
(PRA).  Misal ignment  of the PRA antenna 
and the s enso r  mounting su r f ace  (pe r  a x i s )  



:;: 4. 8. 2 Alignment Accuracies  of Scan Pla t form Instruments  

Each  scan  platform mounted instrument  boresight  sha l l  be  aligned 
with r e spec t  to  i t s  own mounting fee t  a s  specified below. 

Instru-  
inent  

ISSNA 

ISSWA 

IRIS 

MIRIS 

UVS 

PPS  

':'Raster alignment r e f e r s  to  the orientation of the cent ra l  scan  
l ine,  the scan  direction, o r  the field of view axis  of symmetry  
a s  appropriate.  

Ra s t e r  
Alignment::: 

Knowledge 

T B D  

TBD 

T B D  

T B D  

T B D  

T B D  

Bore  sight to  Mounting F e e t  Alignment 

Elevation 

C ontrol 
(mrad)  

0.58 
(0.03") 

2.32 
(0.13') 

0.1 
(0 .0057")  

0.12 
(0.00686") 

0.35 
(0.02') 

0.16 
(0,009") 

C r o s  s-Elevation 

Knowledge 
(mrad)  

0.145 
(0.008") 

0.323 
(0,019") 

0.01 
(0.0006°) 

0. 01 
(0.0006") 

0.1 
(0.0057") 

0.05 
(0.0028") 

Control 
(mrad)  

0.58 
(0.033") 

2.32 
(0. 133") 

0.1 
(0,0057") 

0 .12  
(0.00686") 

0.87 
(0.050") 

0.16 
(0,009") 

Knowledge 
(mr ad) 

0. 145 
(0.008") 

0.323 
(0,019")  

0.01 
(0.0006°) 

0 .01  
(0.0006 " )  

0. 25 
(0. 014") 

0. 05 
(0,0028") 



4.8.3 Scan  P l a t fo rm  Alignment M i r r o r  Accu rac i e s  

The  a l ignment  of the  n o r m a l  to  the  a l ignment  m i r r o r  with r e s p e c t  
t o  the  bo re s igh t  of e ach  s c a n  pla t form in s t rumen t  shal l  be  known 
i n  elevation and  c ross -e leva t ion  t o  the a c c u r a c i e s  specif ied below, 

T h e  a l ignment  of the n o r m a l  to  the  platform al ignment  m i r r o r  
with r e s p e c t  t o  t he  pla t form L-vector  shal l  be  known i n  elevation 
and  c ross -e leva t ion  t o  within 0.01 75 m r a d  (0.001 "). 

Science In s t rumen t  

ISSNA 

ISS WA 

IRIS / MIR IS 

UVS 

P P S  

Science Cal ibra t ion Sur faces  

Knowledge ( m r a d )  

0 .495 ( 0 . 0 2 8 " )  

0 .495 (0.028'  ) 

0.049 (0.  0028" ) 

0. 262 (0. 015" )  

N. A. 

The cal ibra t ion su r f ace  of the Brews t e r  plate and cal ibra t ion t a rge t  
sha l l  be  aligned to the i r  r espec t ive  mounting planes a s  specif ied 
below. 

a )  Brews t e r  plate.  *4. 3 m r a d  (0. 25" )  

b )  Cal ibra t ion t a rge t .  *4. 3 m r a d  (0. 2 5 " )  



SYSTEM CAPABILITIES 

The analysis  below descr ibes  how the subsystem functional accurac ies  
of Section 4. 0 compare to the system accuracy requirements  of Sec- 
tion 3. 0. Specifically, data i s  presented for: 

a )  Maneuver execution. 

b )  HGA pointing. 

c )  Science platform pointing. 

d )  Non -gravitational acceleration magnitude. 

e )  Launch injection execution. 

5.1 Maneuver Execution Accuracy 

Interpretation of Maneuver Execution Accuracy Requirements 

Maneuver execution accuracy i s  defined by e r r o r  in direction and 
e r r o r  in magnitude of the AV vector. E r r o r s  in direction a r e  
r e fe r red  to a s  "pointing" e r r o r s  and e r r o r s  in magnitude a r e  
r e fe r red  to a s  " AV magnitude" e r r o r s .  

Mission requirements  a r e  stated, for  maneuver pointing accuracy 
and maneuver AV e r r o r .  The effects  of e r r o r  sources  a r e  
expressed  in units corresponding t o  the mission requirements .  
Values given in radians for pointing accuracy may be re-expressed 
a s  the equivalent side velocity by multiplying by i t s  corresponding 
value of AV. 

Pointing E r r o r  

Table 1 shows the MM 3u total  pointing e r r o r .  The f i r s t  two columns 
show the contribution in m r a d  to the maneuver pointing e r r o r  and the 
percent  of the var iance that contributes to the mission requirement.  
Pointing e r r o r  coefficients averaged over a l l  possible pointing d i r ec -  
tions were  used to compute the maneuver pointing e r r o r .  A Canopus 
cone angle of 83 deg was  assumed for  these computations. The 
total mission requirement  value shown i s  4 2  t imes  the per -axis  
value specified i n  MJS77 -3  -1 50. 

5. 1 .3 AV Magnitude E r r o r s  

Table 2 provides s ta t is t ical  e r r o r  budgets for  the AV e r r o r  sources  
and l i s t s  the resulting AV magnitude e r r o r s .  The e r r o r s  l isted in 
Table 2 and the mission requirement  shown in  Table 2 a r e  both 
expressed  a s  a percentage of the AV magnitude. The column titled 
"(70 of M/R" gives the percent  of the variance of the mission requi re-  
ment  contributed by each e r r o r  source.  



:>Table 1.  M i s s i o n  Module  Po in t ing  E r r o r  

1. Ro l l  G y r o  D r i f t  U n c e r t a i n t y  

2. Yaw G y r o  D r i f t  U n c e r t a i n t y  

3. P i t c h  G y r o  D r i f t  U n c e r t a i n t y  

M i s a l i g n m e n t  of Yaw G y r o  About  
Rol l  Ax i s  

E r r o r  
( m r a d )  E r r o r  S o u r c e  I 

M i s a l i g n m e n t  of Yaw G y r o  About  
P i t c h  Ax i s  

3  u Value  

M i s a l i g n m e n t  of Ro l l  G y r o  About  
Yaw Axi s  

M i s a l i g n m e n t  of Ro l l  G y r o  About  
P i t c h  A x i s  

M i s a l i g n m e n t  of P i t c h  G y r o  Abou 
Yaw A x i s  

M i s a l i g n m e n t  of P i t c h  G y r o  
About Ro l l  Ax i s  

9 . 4 2  m r a d  
(0. 54" ) / h r  

9 . 4 2  m r a d  
(0. 54" ) / h r  

9 . 4 2  m r a d  
(0. 54" ) / h r  

2 .64  m r a d  

2 . 2 3  m r a d  

2. 23 m r a d  

2 .64  m r a d  

2 .64  m r a d  

2 .64  m r a d  

Rol l  DRIRU S c a l e  F a c t o r  E r r o r  

Ro l l  DRIRU Reso lu t ion  E r r o r  

P i t c h  DRIRU S c a l e  F a c t o r  E r r o r  

Yaw DRIRU Reso lu t ion  E r r o r  1 5 . 2  

0.  5% 

5 . 2  

0. 5'70 

P i t c h  DRIRU Reso lu t ion  E r r o r  

Yaw DRIRU S c a l e  F a c t o r  E r r o r  

CST Null Of f se t  

CST N o n - p e r p e n d i c u l a r i t y  

5 . 2  

0 . 5 %  

P i t c h  Sun S e n s o r  Null Of f se t  

Yaw S u n  S e n s o r  Null Of f se t  

2. 2 m r a d  

5 . 0  m r a d  

8 .  19 m r a d  I 
8 . 8 9 m r a d  1 



 able 1. Miss ion  Module 

E r r o r  Source  

20. P i t c h  Sun Sensor  Ground 
Cal ibra t ion 

21. Y a w S u n S e n s o r G r o u n d  
Cal ibra t ion 

22. P i t c h  Sun Senso r  Stabil i ty 

23. Yaw Sun Senso r  Stabil i ty 

24. HYPACE Roll E r r o r  

25. HYPACE P i t ch  E r r o r  

26. HYPACE Yaw E r r o r  

27. Roll  L i m i t  Cycle  Magnitude 
E r r o r  

28. P i t c h  L i m i t  Cycle Magnitude 
E r r o r  

29. Yaw L i m i t  Cycle  Magnitude 
E r r o r  

30. L i m i t  Cycle T u r n  E r r o r  

3 1 .  Autopilot E r r o r  

To ta l  3 u Pointing E r r  o r  

Mis  s ion Requi rement  

Pointing E r r o r  

3 u Value 

0 . 2 1  m r a d  I 0. 21 m r a d  

0 .70  m r a d  

0 . 7 0  m r a d  

0. 22 m r a d  

1 . 0 8  m r a d  I 1 .08  m r a d  

0 .05  m r a d  

0 . 0 5  m r a d  

0 .05  m r a d  

1 . 5 1  m r a d  

- - - - - - - - -  

(contd)  

E r r o r  
( m r a d )  

0. 24 
(0. 0 1 " )  

(0. 0 5 " )  
Oe81  

1. 26 
(0. 07" )  

0. 07 
( 4 x 1 0 ' ~ ' )  

3. 07 
(0. 1 9 " )  

6. 30 
(0. 36 " )  

22.98 
(1. 32)  

28. 28 
(1 .62" )  

70 of M/R 

0 . 0 1  

0. 08 

0 .20 

0 .00  

1. 18 

4. 96 

6 6 . 0  
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.!, 

Table 2. TCM AV ~ r r o r ' ' .  

5 .  1 . 4  Maneuver Execution Capability 

The M JS77 MM m e e t s  the mission requirement  f o r  maneuver  point- <.-*. 

ing accuracy  and maneuver  AV accuracy .  

70 of M / R  

28. 7 

10 .7  

0 . 0  

0 . 1  

39.6 

earthline 
calibration maneuver  of 0.25 to  0 . 5  mps .  

E r r o r  
(%)  

4 8 2 ::: 

1. 23 

0.01  

0.  25 

4 . 9 8 ::< 

9 , 0 ::: 

following a n  

E r r o r  Source 

1. Thrus t  E r r o r s  

a .  Th rus t e r  Acceptance 
Tes t  E r r o r  

b. Effects of long t e r m  
storage and th rus t e r  
life 

c .  Tank p r e s s u r e  
uncertainty 

2 .  Duty Cycle 

a .  CG offset 

b.  Thrus t  vector  angu- 
l a r  misalignment 

c .  Thrus t  mismatch  

d .  Thrus t e r  location 

3. Proportional T imer  
Uncertainty 

4.  M a s s  Uncertainty 

Total  3u TCM AV 
E r r o r  

Mission Requirement  

:::Reduce to  2, 2.4, and 6 percent,  

30- Est imate  

3.207'0 

2.0% 

3.07'0 

2 .54 m m  ' 
(0 .  1 i n . )  

12.98 m r a d  
(0. 74" ) 

5.07'0 

1 .78 mm 

r 

(0. 07 in. ) 

0.01% 

0.25% 

respectively,  



* 5.2  High-Gain Antenna Pointing Control  Accuracy 

The 'antenna pointing control  accuracy  requi rement  is  in terpreted 
a s  one which m a y  not be exceeded a t  any t ime in miss ion  due to 
l imi t  cycle motion. 

4+ 5 . 2 .  1 Operational Conditions 

F o r  the purpose of this document it i s  assumed that  the sun . 

sensor  will be  e lectr ical ly  biased to compensate for  the net 
mean  offset of a l l  control  e r r o r  sources .  T h e s e  include the 
expected value of noise,  ground-calibrated b i a se s  and in-flight 
calibrated offsets.  

5 .2 .2  Calibration Requirements  

5. 2. 2. 1 Sys tem-Level  Ground Calibration.  Ground calibration a t  the 
sys t em level  shal l  be required to mee t  the e r r o r  budgets l isted - 
in Table  3.  

% 5 . 2 . 2 . 2  In-Flight Calibration. In-flight calibration of the sun s e n s o r s  
(pi tch and yaw) sha l l  be per formed a s  required so  that  along 
with HGA cal ibrat ions  and a sun senso r  analytical  model  the 
e r r o r  allocations i n  Table 3 a r e  met .  These calibrations a r e  
expected to  be per formed every  20 * l o  days. 

++ 5. 2. 3 Pointing Control  E r r o r  

Table 3 l i s t s  the values  .of the pointing control  e r r o r  sou rces  f o r  
X-band, S-band, and Navigation Tracking  modes. F o r  the S-band 
and the Navigation Tracking modes the wors t  ca se  l imi t  cycle s ize  
i s  combined with the 3 u value represent ing the contribution of the 
remaining e r r o r  sou rces .  F o r  the X-band mode the pointing con- 
t ro l  e r r o r  was es t imated by means  of a Monte Car lo  technique. 
The s ta t is t ical  r e su l t s  obtained f r o m  10, 000 samples  indicates 
pointing control  requi rement  is  me t .  

The columns entitled "Relative yo of M/R" show percent  of miss ion  
requi rement  contributed by each e r r o r  source.  

5. 2 .4  High-Gain Antenna Pointing Control Capability 

The MJS77 MM mee t s  the miss ion  requi rements  for  the high-gain 
antenna pointing control  accuracy.  





% T a b l e  3. High Ga in  Antenna Pointing Cont ro l  (contd) 

E r r o r  S o u r c e s  

3. Sun S e n s o r  B i a s  
C omrnand 
Resolution 

4.  L i m i t  Cyc le  
Switching Po in t  
Quantizat ion 

5 .  Att i tude P o s i t i o n  
Signal  Quant iza-  
t ion  E r r o r  

6. Att i tude Pos i t ion  
Es t imat ion  E r r o r  

7. Sun Sensor  B i a s  
Command Cal i -  
b ra t ion  A c c u r a c y  
and  Dri f t  E r r o r  

a) X-band 

b)  S-band 

c )  Nav. T r a c k .  

V a l u e s  

*0.35 m r a d  
(0. 02" ) 

0.052 m r a d  
(0. 003 ") 

0. 052 m r a d  
(0.  003 ")  

0. 105 m r a d  
(0 .  006 " )  

0.349 m r a d  
(0 .02  " )  

0.873 m r a d  
(0.  05") 

0 . 8 7 3 m r a d  
(0.05')  

X-Band 

Contr ibut ion 
t o  Pointing 

E r r o r  
( m r a d )  

0 .60 
( 0 . 0 3 4 " )  

0 .052 
(0 .003")  

0.052 
( 0 . 0 0 3 " )  

0 .105  
(0 .006"  ) 

0.349 
(0.  02 " )  

- - -  

- - -  

% of M/R 
(in terms 

of 
v a r i a n c e )  

10.7 

0 .0  

0 . 0  

0 . 3  

3.5 

- - - 

- - -  

S-Band 

Contr ibut ion 
t o  Pointing 

E r r o r  
( m r a d )  

0 .60  
(0 .034"  ) 

0 . 0 5 2  
(0 .003")  

0 .052 
( 0 . 0 0 3 " )  

0 .105 
( 0 . 0 0 6 " )  

- - - 

0 .873  
(0 .05" )  

- - -  

Navigation Track ing  

% of 
M/R  

1.0 

0 . 0  

0 . 0  

0. 0 

---  

2. 2 

- - -  

C ont r ibution 
t o  Point ing 

E r r o r  
( m r a d )  

0 .60 
( 0 . 0 3 4 " )  

0 . 0 5 2  
(0 .003")  

0.052 
( 0 . 0 0 3 " )  

0 .105 
(0 .  006") 

- - -  

- - -  

0 .873  
(0. 0 5 " )  

Relative 
% of 
M/R 

4.6 

0 . 0  

0 . 0  

0 . 2  

- - -  

- - -  

9 . 7  



+$ Tab le  3. High Gain  Antenna Pointing Cont ro l  (contd) 

Navigation Tracking 

E r r o r  Sou rce s  

8. Sun Sensor  P e r -  
f o rmance  P r e -  
dict ion Accuracy 

a )X-Band/NAV,  
T r a c k  

b) S-Band 

9. ResidualInf l ight  
Cal ibra t ion 
Accuracy  

To t a l  Pointing E r r o r  

Miss ion Requi rement  

C ont r ibution 
t o  Pointing 

E r r o r  
( m r a d )  

0.593 
(0. 034" 

- - - 

0 .510  
(0.029' ) 

5. 76 
(0. 3 3 " )  

5 .76 
(0. 33" 

S-Band 

Values  

0 . 5 9 3 m r a d  
(0 .034" )  

2. 0 m r a d  
(0. 115")  

*0 .510mrad  
(0.029") 

Rela t ive  
% of 
M/ R 

4. 5 

- - - 

3. 3 

100 .0  

Contribution 
t o  Pointing 

E r r o r  
( m r a d )  

- - -  

2.0 
(0. 115")  

0. 510 
(0 .029")  

15 
(0. 8 6 " )  

15 
(0 .86" )  

X-Band 

Relative 
% of 
M /  R 

- - -  

11 .4  

0.7 

100 .0  

Contribution 
t o  Pointing 

E r r o r  
( m r a d )  

0 . 593  
(0 .  034")  

- - -  

0.510 
(0. 029")  

2 . 5  m r a d  
(0. 143" )  

2 . 5  m r a d  
(0 .  143")  

;no:eyi: 
of 

va r i ance )  

10 .3  

- - -  

7 .5  

100 .0  



5.3 Scan Platform Pointing Accuracy 

5.3. 1 Operational Conditions 

F o r  the purposes of this  section, it is assumed that the attitude is 
controlled by celest ia l  sensors .  It is assumed that the net offset 
of a l l  position control e r r o r  sources  will be compensated by 
in-flight biasing of the scan platform position. This includes the 
expected values of backlash, electro-mechanical offsets and 
celest ia l  control bias  e r r o r s .  After disturbances affecting the 
spacecraf t  attitude, a settling t ime sufficiently long to reduce the 
attitude e r r o r  to within the l imit  cycle deadband has  been assumed. 

5, 3.2 Calibration Requirements 

5.3.2.1 System-Level Ground Calibration. Ground calibration a t  the sys tem 
and subsystem levels shall  be required to meet  the e r r o r  budgets 
in Tables 3 and 4. 

5 .3.2.2 In-Flight Calibration. In-flight calibration shall  be capable of 
realizing a residual  in-fli'ght calibration accuracy of 0. 58 m r a d  3u 
value per  axis  a t  the scan platform. In-flight calibration sufficient 
to achieve this residual  shall  have been completed 30 days pr ior  to 
the f i r s t  encounter phase. The ground calibration e r r o r  budget of 
Table 5 mus t  be m e t  in o rde r  to achieve the in-flight calibration 
accuracy.  In-flight calibration of the sun sensor s  (pitch and yaw) 1 
shall  be performed a s  required so that along with HGA calibrations 
and a sun sensor  analytical model the e r r o r  allocations in Tables 
3 and 4 a r e  me t .  These calibrations a r e  expected to  be performed 
every  20 *10 days.  

5 .3 .3  Pointing Accuracy 

5.  3. 3 . 1  Pointing Control.  Table 4 l i s t s  the values of the pointing control 
e r r o r  sources  and gives the 3u pointing accuracy expressed in m r a d  
corresponding to  each e r r o r  source.  The total  per  axis  3cr pointing 
control accuracy i s  given and the column entitled "70 of M / R t t  shows 
the percent  of the var iance of the miss ion  requirement provided by 
each e r r o r  source.  The values shown correspond to the wors t  scan  
platform axis af ter  in-flight calibration. 

5.  3 .  3.2  Pointing Knowledge. Table 5 provides s ta t is t ical  e r r o r  budgets for  
the pointing knowledge e r r o r  sources .  The column entitled " 3u 
E r r o r "  gives the s tat is t ical  value, expressed in mrad ,  for  each 
e r r o r  source.  The values a r e  applicable only a f te r  ground and 
in-flight calibration of the scan platform. The total  per  axis 3u 
pointing knowledge accuracy i s  given and the column entitled "70 of 
M/R"  shows the percent of variance of mission requirement pro-  
vided by each e r r o r  source.  The values shown correspond to  the 
wors t  scan platform axis .  I t  i s  assumed that, a t  the t ime of the 
science measurement ,  sufficient engineering te lemetry  will be avail  
able to  accurately model the attitude of the MM and platform. 



MJS77-3-170A 

Table  4 .  Scan  P l a t fo rm Pointing Control  

E r r o r  Source  

1. Attitude Control  L imi t  Cycle  
Deadband 

2 .  Attitude Control  L imi t  Cycle 
S ize  Varia t ion 

3. L imi t  Cycle  Switching Point  
Quantizitation 

4 .  Attitude Posi t ion Signal  
Quantizitation 

5.  Attitude Posi t ion E s t imat ion 
E r r o r  

6 .  Sun Sensor  Bias Command 
Calibration and Drift  E r r o r  
(100 days )  

7. Ce les t i a l  Sensor  Pe r fo rmance  
Pred ic t ion  Accuracy 

8.  Sun Senso r  Bias Command 
Resolution 

9 .  Scan  Actuator  Step Re solution 

10. Feedback Cal ibra t ion Accuracy 

11. Scan Control  Loop Noise and 
Drift  

12. Closed Loop Control ler  
Accuracy 

I 

3u Contribution 
t o  Control  

( m r a d )  

1 . 5  
(0 .  086")  

0 . 2 6  
(0 .015" )  

0 . 0 5 2  
( 0 . 0 0 3 " )  

0 . 0 5 2  
( 0 .  003') 

0 . 1 0 5  
( 0 . 0 0 6 " )  

0 . 3 4 9  
( 0 . 0 2 0 " )  

0 .593  
(0 .  034") 

0 . 6 0  
( 0 . 0 3 4 " )  

0 . 4 5 3  
( 0 , 0 2 6 " )  

0. 524 
(0. 030" ) 

0. 128 
(0. 007" ) 

0. 50 
(0. 0 2 9 " )  

Value 

i 0 . 8 7  m r a d  
( 0 . 0 5 " )  

*17.10/0 

0 . 0  52 m r a d  
( 0 . 0 0 3 " )  

0 .052 m r a d  
( 0 . 0 0 3 " )  

0 . 1 0 5  m r a d  
( 0 . 0 0 6 " )  

0 .349  m r a d  
( 0 . 0 2 " )  

0 .593 m r a d  
( 0 .  034") 

0 . 6 9 8  m r a d  
( 0 . 0 4 " )  

0 . 5 2 4  m r a d  
( 0 . 0 3 " )  

0.524 m r a d  
(0. 03" ) 

10 m V  

0 . 5 0  mrad 
(0. 029" ) 

% of 
M /  R 

36.0  

1.1 

0 . 0  

0 . 0  

0 . 2  

1 . 9  

5 .6  

5 . 7  

3 . 3  

4 . 4  

0 . 3  

4 . 0  
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$ Table  4.  Scan  P la t fo rm Pointing Control  (contd) 

5 .4  Non-Gravitational Acceleration 

E r r o r  Source  

13.  Struc tura l  Unrelieved Windup 
E r r o r  

14. Drive Axis Bearing Clearance 

15. ScanAc tua to r /Dr ive  Axis 
Interface Backlash 

16. Scan P la t fo rm Residual  Inflight 
Cal ibrat ion Accuracy  

17. Struc ture  100 Day Stability 

Tota l  3u Scan P la t fo rm Pointing 
Accuracy  (pe r  ax is )  

Mission Requirement  (M/R)  

Interpretation of Non -Gravitational Acceleration Requirements  

Solar and RTG radiation interact ions  with the MM produce 
acce le ra t ions  which a r e  effectively constant ( o r  otherwise 
modeled temporal ly)  over  a two-year t ime  span. TCAPU th rus t e r  
leakage and propulsion sys tem leakage produce acce le ra t ions  which 
a r e  effectively constant ( o r  otherwise  modeled temporal ly)  over  the 
30 day period p r io r  to each planet encounter.  Angular and t r ans l a -  
t ional misal ignments  of the t h rus t e r s ,  cen te r  of gravity migrat ion,  
t h r u s t e r  f ir ing differences  due to  TCAPU plume impingement, and 
unbalanced side fo rces  produce accelerat ions  which a r e  unpredict-  
able  with t ime.  Mission requi rements  a r e  specified for  the 30 p e r  
ax i s  uncer ta int ies  assoc ia ted  with each of these  t h r e e  MM non- 
gravitational acce le ra t ion  modes. The units of acce le ra t ion  

2 a r e  expressed  in  k m / s  . 

Value 

0. 70 m r a d  
(0.040")  

0 . 0  m m  
( 0 . 0  i n . )  

0 .5  m r a d  
(0 .029")  

0 .58 m r a d  
(0.033')  

0 .33 m r a d  
(0 .019")  

3u Contribution 
t o  Control  

(mrad )  

0. 70 
(0 .040" )  

0 . 0  
(0 .00)  

0 .50 
(0 .029" )  

0 .58  
(0 .033 ' )  

0 .33  
(0.019") 

2.26 
(0. 129) )  

2 .50 
(0.143) 

% of 
M/ R 

7 .  8 

0 . 0  

4 . 0  

5 . 4  

1 . 8  

81. 5 



MJS77-3- 170A 

3& Table  5 .  Scan P l a t f o r m  Pointing Knowledge 

E r r o r  Source  

1 .  Attitude Control  L imi t  Cycle 
T e l e m e t r y  Resolution 

2 .  Attitude Control  L imi t  Cycle  
T e l e m e t r y  Cal ibra t ion Accu racy  
and Drif t  E r r o r  

3 .  Attitude Control  L i m i t  Cycle  
Motion (20 p r ad / s ec ,  12 sec:k 
between m e a s u r e m e n t s )  

4 .  Sun Sensor  Bias  Command 
Cal ibra t ion and Drif t  E r r o r  
(100 days )  

5. Ce les t i a l  Sensor  Pe r fo rmance  
P red i c t i on  Accuracy  

6 .  Scan Actuator  S tep  Resolution 

7 .  Feedback  Cal ibra t ion Accuracy  

8 .  Scan Cont ro l  Loop Noise and  
Dri f t  

9 .  S t ruc tu r a l  Unrel ieved Windup 
E r r o r  

10. Dr ive  Axis  Bear ing  C lea r ance  

11. Scan Actua tor /Dr ive  Axis  
In terface  Backlash 

Value 

0 .122  m r a d  
(0 .007 ' )  

0 .061 m r a d  
(0 .0035 " )  

0.120 m r a d  
(0.0069')  

0.349 m r a d  
(0 .02")  

0. 593 m r a d  
(0.  034") 

0 , 5 2 4  m r a d  
(0 .03" )  

0 .524  m r a d  
( 0 . 0 3 " )  

10 m v  

0 .70  m r a d  
(0. 040")  

0 . 0  mm 
( 0 . 0  in.)  

0 . 5  m r a d  
(0 .029 " )  

3 r  Contribution 
to  Knowledge 

( m r a d )  

0 .106 
(0 .006 ') 

0 .061  
(0 .0035")  

0 .120  
(0.0069 " )  

0.349 
(0 .  020") 

0.593 
(0. 034") 

0 .453  
(0 .026 ' )  

0 . 524  
(0 .030  ' )  

0.128 
(0.0073 " )  

0 .70  
(0. 040') 

0 . 0  
(0 .  00°)  

0 . 5  
(0 .029 " )  

- 

% of 
M/R 

0 . 5  

0 . 2  

0 . 6  

5 . 4  

15. 6 

9 . 1  

12 .2  

0 . 7  

21.8  

0 . 0  

1 1 . 1  



Table 5. Scan Pla t form Pointing Knowledge (contd) 

5 . 4 . 2  Non -Gravitational Acceleration 

E r r o r  Source 

12. Scan Pla t form Residual Inflight 
Calibration Accuracy 

13. Structure 100 Day Stability 

Total 3u Scan Pla t form Pointing 
Knowledge Accuracy (per  ax is )  

Mission Requirement ( M / R )  

Except a s  noted Table 6 shows the Z-axis non-gravitational 
acceleration uncertaintie's associated with the MM. The Z-axis 
was  chosen because, except f o r  the encounters, i t  r ep resen t s  the 
wors t  case  resu l t s  of the analysis.  Note that the resu l t s  shown 
herein pertain to the thrus t  configuration consisting of eight th rus t e r s  
para l le l  to the X-axis providing ro l l  and yaw moments  and four thrus t -  
e r s  in the Y - Z  plane providing pitch moments.  Table 7 i l lustrates  the 
relative contributions of var ious sources  of unpredictable non- 
gravitational acceleration to the composite total. The relative contr i -  
butions of the var ious sources  va ry  considerably f rom axis to ax is  
and therefore the r e su l t s  shown a r e  not typical of all axes. 

$ 5.4. 3 De sign Capability 

Value 

0.58 m r a d  
(0.033") 

0 .33  m r a d  
(0.019')  

The MJS77 MM m e e t s  the mission requirement  for the uncertainty 
of the constant acceleration (over two y e a r s )  af ter  launch plus 150 
days. The miss ion  requirement  for  the uncertainty of the constant 
acceleration (30 days pr ior  to encounter) i s  met .  The mission 
requirement  for the uncertainty in the acceleration which is 
unpredictable in t ime is m e t  only in the E-5 to E+3 day t ime 
period. 

5 . 5  Propulsion Module Figure -of-Merit 

3u Contribution 
to Knowledge 

(mrad)  

0.58 
(0.033")  

0 .33  
(0.019')  

1 .48  
(0.084") 

1 . 5  
(0.086") 

5 . 5 . 1  Interpretation of the Propulsion Module Figure -of -Merit  (FOM) 

% of 
M/R 

15.0 

4. 8 

97.0 

A m e a s u r e  of launch vehicle injection accuracy i s  the FOM which 
i s  defined a s  the square root of the t r ace  of velocity covariance 
m a t r i x  for  the f i r s t  t ra jectory correct ion maneuver (TCM). The 



Table 6. Mis s  ion Module Non-gravitational Accelerat ion 

A. Uncertainty in acce le ra t ion  which is effectively 
constant over  a two y e a r  period 

Miss  ion Requirement  

Sys tem Capability 

B. Uncertainty in accelera t ion which i s  effectively 
constant over  the 30 day period p r i o r  to 
encounter 

Miss ion Requirement  

System Capability 

C .  Uncertainty in acce le ra t ion  which is unpredictable 
in t ime 

Miss ion Requirement  

Sys tem Capability 

2 
1. 5 x 10- I  k m / s  (3u)  ( p e r  MM a x i s )  

2 
< 4 . 4  x 10- ' I  k m / s  (3u)  fo r  a l l  t i m e  L + 150 days  

2 
<1. 5 x l o - ' '  k m / s  (3o)  for  a l l  t i m e  L t15O days  

2 
3 x 1 0 - l 2  k m / s  (3u)  ( p e r  MM a x i s )  

2 
3 x k m / s  (30)  

F r o m  E - 4  to E+4 
2 

3 x lo - ' '  k m / s  (3u)  ( Z  Axis)  
2 

All  o ther  t i m e  per iods  3 x lo- ' '  k m / s  (3u)  ( Z  Axis)  
2 Cru i se  (0. 5" deadband) 5 x k m / s  (3u)  

2 
Cru i se  (0. 17" deadband) 4 . 7  x 10-I  k m / s  (3u)  

2 
Encounter ( k m / s  , 3 ) 

Time Per iod  X Axis Y Axis Z Axis 

E-10 days  to  E - 8  days  2.7 x 1 0 - l 2  - 3.6 x 10-I  1. 3 x 1 0 - l 1  

E - 8  days  to  E - 5  days  1 . 1  x 1 0 - l 2  1 . 0  x 10 4 .4  x 1 0 - l 1  -1 1 

E - 5  days  to E t 1  days  -12 
2 .5  x 1 0  

-1 1 
1 .2  x 10 

-1 1 
3.2 x 10 

E t 1  days to  E t 3  days  1 . 5  x 1 0 - l 2  1 .7  x 10 6.6 x 10- I  -1 1 

E t 3  days  to  E t 1 0  days  1 . 0 ~  1 0 - l 2  8 . 4  x 10- ' I  3.6 x l o - ' '  

:::A detailed breakdown of e r r o r  sources  i s  shown in Table 7. 

- -~~ ~- ~ -- - 



*Table 7. Detailed Breakdown of Unpredictable Non-gravitational 
Acceleration ( E - 4  to  E t 4  Period,  2 Axis)  

I l *  Angular Misalignment I I I 

Source Magnitude 

a )  Misalignment between ac tua l  t h rus t  vector  
and geometr ic  center l ine  of t h rus t e r  

Non -gravitational 
Acceleration 

( k m /  s2)  
( Z  -Axis) 

b )  Misalignment between th rus t e r  mounting 
surface and bus mounting sur face  

2.  Thrus t  vector  t ransla t ional  o f f se t  

8.  73  m r a d  
(0. 50" ) 

c )  Misalignment between bus mounting 
sur face  and bus  re fe rence  plane 

4 . 3 0  X 1 0 - l 2  

8.  73 m r a d  
(0. 50" ) 

4 . 3 0  x 1 0 - l 2  

4 . 9 4  m r a d  
(0 .283" ) 

2 . 5 4  m m  
.(0. 1  in. ) 

Percen t  of 
Variance 

2 . 4 4  x 1 0 - l 2  

7. 17 x l o - 1 3  

3. Unbalanced s ide f o r c e  

4. Thrus t e r  f i r ing differential  caused by 
pitch TCAPU plume impingement 

*0 .873  m r a d  
(0.  05" ) 

6 . 5 5  x l o - 1 3  

7 . 0 1  x 1 0 - l 2  



f i r s t  TCM i s  nominally a t  launch plus six days.  FOM i s  expressed 
in units of m e t e r s  per  seconds ( m / s ) .  

Figure of Mer i t  

Calculation of the FOM i s  based on the m o s t  recent  launch vehicle 
guidance analysis performed for MJS77. (GD/ C analysis dated 
17 May 1976, reference 667-5-76-053). This analysis utilized four  
t ra jec tor ies  representing different launch days. A "worst case" 
t ra jectory was chosen f rom which to derive the Centaur performance 
and FOM sensitivity coefficients for propulsion module pointing 
e r r o r s  and velocity shutoff e r r o r .  Utilizing these coefficients, the 
effect of pointing accuracy and velocity shutoff accuracy on the FOM 
was determined. Table 8 indicates the e r r o r  sources,  their  lo- 
value, the resulting FOM, and the percent contribution of the 
variance of the mission requirement  FOM. 

* 5. 5. 3 Propulsion Module Capability 

The P M  current ly meets  the injection accuracy FOM mission 
requirement.  
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E r r o r  S o u r c e  

1. C e n t a u r  P e r f o r m a n c e  

2. C e n t a u r  R e f e r e n c e  Att i tude 

3. Misa l ignment  to  Cen taur  R e f e r e n c e  

4.  T h r u s t  V e c t o r  Misa l ignment  

5. G y r o  D r i f t  

6. Gyro  g Sens i t ive  D r i f t  

7. Autopilot Deadband 

8. Solid Impulse  Uncer ta in ty  

9. S p a c e c r a f t  Weight Uncer ta in ty  

10. Expended I n e r t s  Uncer ta in ty  

11. Solid Motor  T e m p e r a t u r e  Uncer ta in ty  

12. TVC P r o p e l l a n t  Usage Uncer ta in ty  

13. TVC Speci f ic  Impulse  

14. Solid Engine  Cant  Angle 

15. TVC Engines  Cant  Angle 

Tota l  F O M  

Mis  s ion R e q u i r e m e n t  21 .0  1 

1 u Value 

6 . 4 5  m r a d  
(0. 370" ) 

0 . 8 8  m r a d  
(0. 050" ) 

1 .05  m r a d  
(0.060" ) 

3. 14 m r a d l  
H r  (O.lBO)/  
H r  

34. 87  mrad/  
Hr/g ( 2 . 0 ° ) /  
H r / g  

2 . 0 m r a d  
(0. 1 1 5 " )  

0. 25% 

0. 1% 

5 70 

0. 37°C 
( 0 . 6 7 " F )  

2. 13 kg 
(4 .7  l b )  

5. 070 

F O M  
m / s  

6 .65  

14.7  1 

0 . 7 9  

1. 13 

0 .07  

2. 58 

4 .56 

8. 56 

2 .40 

0 . 5 7  

0 . 1 1  

7 . 4 5  

1 . 1 0  

0 . 0  

0. 03 

20.63 

% of 
M / R  

1 0 . 0 2  

49.06 

2 .00 

2.39 

0. 0 

1. 50 

4 .56  

16 .61  

1. 30 

0 .07  

0 . 0  

12. 58 

0. 27 

0 . 0  

0 . 0  

98 .38  
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SCOPE 

This document defines the Mariner  Jupiter/Saturn 1977 (MJS77) 
Spacecraft Configuration and establishes the functional require  - 
ments to  which the configuration i s  designed. These requirements 
include those imposed by the spacecraf t  system, subsystem, 
launch vehicle, system tes t s  and operations, 

APPLICABLE DOCUMENTS 

The following documents fo rm a part  of this Functional Requirement. 

NOTE 

MJS77-3-100, Spacecraft Requirements and Constraints,  
applies to this document. Requirements of other MJS77 
level 3 documents may a lso  be applicable. It is the 
responsibility of the use r  to adequately acquaint himself 
with the organization and pertinent content of the level 3 
documents, a s  well  a s  with the mater ia l  contained herein.  

FUNCTIONAL REQUIREMENTS 

J e t  Propulsion Laboratory 
.- 

MJS77-3- 100 Mariner  ~ u p i t e r / s a t u r n  1977 Spacecraft 
Requirements and Constraints 

MJS77-3- 170 Mariner  ~ u ~ i t e r / ~ a t u r n  1977 Functional 
Accuracies  and System Capabilities 

MJS77-3-200 Mariner  Jupiter/saturn 1977 Inert ia l  
Proper t ies  

MJS77-3-210 Mariner  ~ u p i t e r l s a t u r n  1977 Design 
Cr i te r ia  for  Spacecraft Temperature 
Control 

MJS77-3-220 Mariner  ~ y ~ i t e r / ~ a t u r n  1977 Electronic 
Equipment Design 

MJS77-3-240 Mariner  Jupiter/saturn 197 7 Environ- 
mental  Design Requirements 

OTHER DOCUMENTS 

Je t  Propulsion Laboratory 

P D  618-217 Mariner  ~ u p i t e r / s a t u r n  197 7 Spacecraft/ 
Launch Vehicle Systems Requirements 
and Integration 

DRAWINGS 

Je t  Propulsion Laboratory 

10047 158 Articulation Actuator Assembly 
Interface Control Drawing 



Modified Infrared Interferometer  
Spectrometer and Radiometer Power 
Supply and Electronics Interface 
Control Drawing 

Cosmic Ray Subsystem Interface 
Control Drawing 

Planetary Radio Astronomy Subsystem 
Interface Control Drawing 

Low Energy Charged Par t ic le  Subsys- 
tem Interface Control Drawing 

Photopolarimeter Subsystem Inter- 
face Control Drawing 

Imaging Science Subsystem Electronics 
Assembly Interface Control Drawing 

P lasma  Subsystem Interface Control 
Drawing 

Ultraviolet Spectrometer Subsystem 
Interface Control Drawing 

Magnetometer Subsystem Interface 
Control Drawing 

Imaging Science Subsystem Wide Angle 
Television Camera  Assembly Interface 
Control Drawing 

Imaging Science Subsystem Narrow 
Angle Television Camera Assembly 
Interface Control Drawing 

Infrared Interferometer  Spectrometer 
and Radiometer Subsystem Interface 
Control Drawing 

Modified Infrared Interferometer  
Spectrometer  and Radiometer Subsystem 
Interface Control Drawing 

Infrared Interferometer  Spectrometer 
and Radiometer Subsystem Power 
Supply and Electronics Interface Control 
Drawing 



P l a s m a  Wave Subsystem Interface 
Control Drawing 

Electronic Equipment Arrangement  
Drawing 

Sun Sensor Assembly Interface 
Control Drawing 

Canopus Star T racke r  Interface 
Control Drawing 

Mar iner  Jupiter/Gaturn 1977 Space- 
c ra f t  Mechanical Configuration 

Lewis Research  Center  

CR 600458 Mar iner  Jqpi ter /Saturn 1977 Space- 
craf t -  to- Launch Vehicle System 
Mechanical Tnterface Control Drawing 
General  Arrangement  

Mar iner  Jupiter/Sat;urn 1977 Space- 
craf t - to-  Lq.qnch Vehicle Sys tem 
Mechanical. Tnterface Control Drawing 
Mechanical Details  

CONFIGURATION 

Configuration Definition 

The configuration design s e r v e s  to es tabl ish the mechanical 
relationship between the var ious  subsys tems ,  subsystem com- 
ponents, and Launch Vehicle ( L V )  in a manner  which mos t  nearly 
sa t i s f ies  the sys t em and subsystem level requirements .  Where 
requi rements  cannot be specifically met, the configuration pro- 
vides a negotiated al ternat ive position within which the subsys-  
t e m  can sat isfactor i ly  per form i ts  designqted function. 



The configuration also establishes coordinate systems, 
reference planes, and their interrelationships such that 
subsystem-to-spacecraft and inter-subsystem interfaces and 
relationships may be conveniently and precisely negotiated and 
defined. 

The spacecraft (S/C) configuration i s  described by: 

a )  The MJS77 Spacecraft Mechanical Configuration Drawing 
(Figure l), 

b) The MJS77 Electronic Equipment Arrangement Drawing 
(Figure 2) ,  

c)  The M JS77 Spacecraft-to-Launch Vehicle Sys tem Interface 
Control Drawing (Figures 3 and 4), and 

d) The coordinate system definitions and their interrelation- 
ships (Figures 5 through 11). 

Spacecraft Mechanical Configuration 

J P L  Drawing 10070962 (Figure 1) defines the mechanical config- 
uration of the MJS77 spacecraft. 

Electronic Eauipment Arrangement 

J P L  Drawing 10062445 (Figure 2) shows the electronic equip- 
ment arrangement for the M JS77 spacecraft. 

Launch Vehicle Interface 

LeRC Drawings CR 600458 and CR 600459 (Figures 3 and 4) 
define the mechanical interface with the Titan HIE/ Centaur 
D-IT LV. 



NOTE:. The rma l  blankets a r e  not shown but may inc rease  
S / C  dimensions by a s  much a s  1 inch on each  edge. 
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Coordinate Systems 

This section descr ibes  the SIC,  scan  platform and L V  coordinate 
sys tems.  Also defined a r e  the reference locations on which the 
coordinate s ystems a r e  based and appropriate interrelations hips. 

Celest ia l  Clock/Cone Coordinates 

The cone angle of a celestial  body is  defined a s  the angle, p (where 
0 5 p r 180 deg), f rom the SIC - pr imary  reference body line to  the 
SIC - object l ine.  The clock angle of a celest ia l  body i s  defined a s  
the angle,  cu (where 0 5 CY 5 360 deg), between a plane containing the 
p r imary  reference body, the S /C  and Canopus and a plane contain- 
ing the p r imary  reference body, the S/C and the object. I t  i s  m e a s -  
ured f rom the pr imary  reference body - S/C - Canopus plane and i s  
defined a s  positive, in the clockwise direction, when looking toward 
the p r imary  reference  body f rom the SIC.  

NOTE 

The p r imary  reference body may be ei ther  the ear th  o r  the sun 
depending on mission phase.  Thus, the qualifier "earth o r  sun" 
should be used when specifying clock/cone coordinates ( i .  e . ,  
"earth clock/conel '  o r  "sun clock/cone"). 

3 . 5 . 2  Spacecraft  Clock/Cone Coordinates 

All pointing vectors  may be uniquely defined in a SIC fixed spher i -  
cal  clock and cone coordinate sys tem.  The cone angle of a pointing 
vector is  defined a s  the angle,  P1(where 0 5 P' i: 180 deg), f rom the 
high gain antenna (HGA) boresight vector to  the specified pointing 
vector.  The clock angle of a pointing vector i s  defined a s  the angle, 
a' (where 0 5 ff' 5 360 deg), between a plane containing the HGA 
boresight vector and the Canopus S ta r  t r acke r  optical axis  and a 
plane containing the HGA boresight vector and the specified 
pointing vector. It i s  measured f r o m  the HGA boresight - Canopus 
Star  t r acke r  plane and i s  defined a s  positive, in the clockwise 
direction, when looking out along the HGA boresight vector. 

NOTE 

The S/C clock/cone coordinates move with S/C a s  i t  tu rns ,  whereas 
the celest ia l  clock/cone coordinates a r e  fixed. Thus, the S/C 
clock/cone and celest ia l  clock/cone coordinates will only coincide 
when a l l  angular offsets and biases a r e  zero.  

3 . 5 . 3  Scan Pla t form Azimuth/Elevation Coordinates 

A pointing vector may a lso  be  defined uniquely in the Scan 
Pla t form Azimuth/Elevation coordinate system. The Azimuth 
angle of a pointing vector i s  defined a s  the angle, Y (where 
0 5 Y 5 360 deg) between a plane containing the - Y /  +Z axes and 
the specified pointing vector.  It i s  measured  f r o m  the - Y  direction 



positively in the clockwise direction when looking toward 
earth. The Elevation angle of a vector i s  defined a s  the angle, 
&(where - 10 5 6 5 200 deg) in  the constant Azimuth plane contain- 
ing the specified pointing vector. Zero  degrees elevation l ies  
along the azimuth axis  in the earthward hemisphere and 180 deg 
elevation l ies  along the opposite end of the azimuth axis  in the 
anti-earthward hemisphere.  Elevation values - 10 < 6 < 0 and 
1805 6 5 200 deg represent  second solution values for a specified 
pointing vector resulting f r o m  a platform elevation gimbal over - 
t ravel  capability a t  a given azimuth angle, 

Spacecraft (and MM) Cartesian Coordinates 

The SIC cartesian coordinate system (Figure 5) consists of three 
mutually perpendicular axes; X (pitch), Y (yaw), and Z (roll) .  
The Z-axis i s  paral lel  to the HGA boresight vector and passes  
through the center of the SIC with t Z  directed opposite to the 
antenna boresight direction. t Y  is normal  to Z and i s  directed 
toward the scan platform. 

The X-axis i s  normal  to the Y and Z axes.  Pitch, yaw, and roll  
polarity i s  measured positively clockwise when facing in the plus 
direction along each axis. S I C  and N M  cartesian coordinates 
a r e  coincident and may be used interchangeably. 

Propulsion Module Cartesian Coordinates 

The three mutually perpendicular Propulsion Module ( P M )  cartesian 
coordinate axes Xp, Yp and Zp a r e  nominally paral lel  to  the SIC 
X, Y and Z axes respectively ( F i g w e  6 ). Polari ty  and sign conven- 
tion of the PM coordinates duplicates that of the SIC system. 

A secondary se t  of PM cartesian coordinates axes,  A and B, 
have been established to provide for thrust  vector control motion 
definitions. The A and B axes lie in a plane paral lel  to the Xp - 
Yp plane. The axes a r e  rotated 45 deg to the Xp and Yp axes such 
that +A l ies  between +X and SY, and tB l ies  between +Y and -X. 
The Zp axis serves  a s  the third control axis. Rotations about 
A,  B and Zp a r e  measured positively clackwise when looking in 
the plus direction along each axis. 

Scan Platform Cartesian Coordinates 
- - - 

A right-handed, orthogonal coordinate system (L, M, N)  (Figure 7 ) ,  
is  used to  relate  the location and pointing direction of instruments 
located on the science scan platform. The platform has a pr imary 
mounting plane which i s  establiahed by three points on the platform. 
Two reference pins (pin 1 and pip 2)  a r e  installed on the primary 
mounting plane to  establish platform alignment. The origin of the 
coordinate system l ies  a t  the intersection af the center-ine of pin 1 
and the pr imary  mounting plane. The coordinate axis L defining 
platform look direction i s  parallel  to  the Narrow Angle Camera 
nominal boresight vector,  l ies  in the pr imary  mounting plane and 



NOTE: The rma l  blankets a r e  not shown but m a y  
inc rea se  S/C dimensions  by a s  much  a s  
1 inch on each  edge. \ 

Figure  5 .  Spacecraf t  Car tes ian  Coordinates 
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Figu re  7. Scan P l a t fo rm Car t e s i an  Coordinates  
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passes  through the centerline of pins 1 and 2. Coordinate axis M 
l i e s  in the p r imary  mounting plane and i s  perpendicular to  Z, pass - 
ing through the origin. The coordinate axis m i s  mutually perpendic- 
ular to  Z and such that Z =m x m. Individual instruments  have a 
subscripted Li, mi,  mi coordinate sys tem such that an instrument 
pointing vector i s  specified by the direction cosines of i ts  coordinate - - -  
axes ,  Xi, Mi,  mi with respect  to the platform coordinates L ,  M ,  N .  

3 . 5 . 7  Launch Vehicle Coordinates 

The Titan IIIE and Centaur D l  -T LV stage car tes ian  coordinate sys  - 
t ems (Figure 8) a r e  standard right-handed th ree  axis system (X, Y,  
and Z ) ;  in  which the X-axis i s  the longitudinal axis with tX up for  
launch for both s tages .  The Titan Y-axis i s  normal  to the X-axis 
and passes  through the two solid motors .  The Z-axis is  normal to 
X and Y .  The Centaur Y and Z axes a r e  rotated 128. 5 deg clock- 
wise with respect  to the corresponding Titan axes .  The shroud 
split line l ies  along the Centaur Y-axis.  

Spacecraft  Reference Systems 

3 .  5 .8 .  1 Bay Numbering 

a )  The electronic equipment bays within the bus a r e  labeled 
numerical ly  f rom 1 through 10 in  a counterclockwise d i rec-  
tion a s  viewed f rom the LV, o r  +Z side of the S I C  (Figure 9) .  
Bay 1 i s  defined a s  being on the tX axis .  

b )  The s t ructual  longerons which separa te  each equipment bay 
a r e  labeled A through K, l e s s  I, in the same  sequence a s  the 
bay convention. Longeron A i s  located between Bays 1 and 10. 

Figure 9 .  Bay Numbers and Longeron Le t t e r s  
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3. 5. 8 . 2  P r i m a r y  Reference Plane (A).  The pr imary  reference  plane 
(A)  is  defined a s  the plane of the mating surface of the lower 
ring a t  longerons C ,  E ,  and K and the eight-member PM t russ  
interface (i .  e. , PMIMM field joint), 

3 . 5 . 9  Coordinate Relationships 

3. 5 . 9 . 1  Spacecraft and Mission Module Cartesian- to-Reference Systems. 
The origin of the MM and S I C  cartesian coordinate system l ies  
in reference plane (A) 1 .  120 in. f r o m  the center of the P M / M M  
field joint bolt c i rcle  in the base of longerons C, E and K. 
Note: The center of the bus (and field joint bolt c i rcle)  i s  offset 
f rom the origin of the coordinate system by 1.. 120 in, in the 
+ Y  direction. The X- and Y-axes l ie in reference plane (A).  The 
X-axis i s  parallel  to the centerline through the holes in longerons 
C and E. The Y- and Z-axes emanate fram the origin and a r e  
mutually perpendicular to the X-axis, The S/C cartesian coordi- 
nate system i s  identical to and coincident, with the MM coordinate 
system. 

3.5.9.2 Propulsion Module Cartesian-to-SIC Cqrtesian, The origin of the 
P M  car tes ian  coordinate sys tem l ies  in the PM-MM separation 
plane a t  the center  of the PM-MM joint explosive bolt c i rcle .  The 
Xp-axis i s  through the centerline of the twa explosive bolt holes 
which l ie  nominally in the X - Z  plane, The Yp and Z p  axis  emanate 
f r o m  the origin and a r e  mutually perpendicular to the Xp-axis. 

The A and B axes lie in  a plane which i s  paral le l  to, and 
29.70 inches below, the Xp - Y plane. The A-B plane contains 

P 
the center of rotation of the Thruat -tor Cantrol Engines (i. e ,  , 
the intersection of the thrust  vastor and a radial  vector 40.0 
inches long), The origin of  the^ and B axes i s  a t  the point 
where the Z axis pierces  the A - 8  plane, 

P 

3 .5 .9 .3  Clock/Cone-to-Spacecraft Cartesiaq,  The S / C  clock plane l ies  in  
the S I C  X-Y plane with ' i ts  origin a t  the car tes ian  coordinate sys-  
t e m  origin (Figure l o ) ,  Clock is r n e a s ~ r e d  positively f r o m  0 to 
360 deg clockwise when looking in the - Z  direction. O deg clock 
(established by the Canopus Star  T r a c k e r  pointing vector) i s  
35 deg counterclockwiee f r o m  the -Y axis  (looking in the - Z  di rec-  
tion). The - Z  and 3.2 axis  directions a r e  coincident with 0 deg 
cone and 180 deg cone, respectively, Reference; Cautionary 
notes in  paragraphs 3.5. 1 and 3 . 5 . 2 ) .  



3.5.9.4 Azimuth/ Elevation-to-Spacecraft Car tes ian  and Clock/ Cone. The 
S/  C azimuth/  elevation coordinates resul t  f r o m  tilting the p r imary  
axis  of rotation of the scan platform 7 deg with respect  to  SIC 
clock axis.  The  azimuth axis  zenith and nadir a r e  a t  35 deg clock 
7 deg cone and 215 deg clock 173 deg cone respectively. The 
azimuth plane i s  normal  to  the azimuth axis  and in tersec ts  the S IC  
clock plane along the X-axis. 0 deg azimuth i s  defined a s  the in te r -  
section of the - Y  / +Z plane and the azimuth plane (See Figure 10). 
Azimuth i s  measured  positively f r o m  0 to  360 deg clockwise when 
looking i n  the - Z  direction. Elevation angles a r e  measured  posi-  
tively f r o m  0 to 200 deg f r o m  Zenith to  20 deg beyond the Nadir a t  
a l l  azimuth angles. Note: A scan platform overtravel  capability 
of 10 deg a t  the zenith resu l t s  i n  negative elevation values. F o r  a 
given azimuth value, elevation may range from - 10  thru 0 to  
t200 deg. 

3.5.9.5 Scan Platform-to-Spacecraft  Coordinate Relationships. The scan 
platform coordinates,  L, M and N, r - l a t e  to  the S / C  coordinate 
sys tem a s  shown i n  F igure  11. The L vector of the platform i s  
located i n  S / C  clock and cone by  cr and P, respectively. When the 
S IC  i s  i n  Earth-Canopus lock, g- and p a r e  a l s o t h e  ear th  celest ia l  
clock and cone of the platform L vector.  The L vector may a l so  
be  identified by the platform gimbal axes  position angles Azimuth ( y )  
and Elevation ( 6 ) .  

Instrument  pointing directions o r  l ines -of -sight (F in F igure  1 1) a r e  
specified with respec t  to scan platform coordinates by a cone offset 
angle (+) and cross-cone offset angle (x). Cone offset i s  defined a s  - - 
the angle measured  f r o m  L to the projection of P onto the L-M plane. 
Posi t ive cone offset is toward positive E. Cross-cone offset i s  - - 
defined a s  the angle of inclination of P f rom the L-M plane. Posit ive 
c r o s s  -cone i s  measured  toward positive r. 

3.5 .9 .6  Spacecraft  Cartesian-to-Launch Vehicle Cartesian.. F igure  12 
depicts the relationship between the S/C and LV car tes ian  coordinate 
sys tems.  Also  depicted a r e  cer tain other indexing features  relating 
the spacecraf t  to LV and launch complex interfaces.  
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FUNCTIONAL REQUIREMENTS 

Functional requirements  which determine the S / C configuration 
design fall  into four categories:  sys tem level (including L V  
integration, sys tem testing, and operations); bay mounted electronic 
equipment; mechanical;  and science. Paragraphs  4 . 1  through 4 . 4  
detail  requirements in those categories .  

NOTE 

Where requirements  cannot be specifically me t  because of 
in t e r -  o r  intra-subsystem conflict, an alternative condition 
has  been negotiated within which the subsystems can 
satisfactorily per form their  designated function. Both 
"REQUIREMENTS" and "NEGOTIATED EXCEPTIONS" 
a r e  presented in the following paragraphs.  

System Level Requirements 

The configuration design shall: 

a )  Be compatible with the LV according to  the interface requi re-  
ments  defined in: P D  618-217, Spacecraft/Launch Vehicle 
System Requirements;  LeRC Drawing CR 600459, Mechanical 
ICD - Mechanical Details;  LeRC Drawing CR 600458, Mechani- 
cal  ICD - General Arrangement;  and GDC Drawing 
EICD 623- 2 -  3 ,  Elec t r ica l  Systems ICD. 

b) P e r m i t  180 deg rotation of the "all-up", unfueled S/C in the 
launch configuration with the SIC Z-axis vertical .  

c )  P e r m i t  180 deg rotation of the MM, l e s s  appendages and HGA, 
with the Z -axis vertical .  

d )  Not require  lifting the SIC with the HGA installed. 

e )  Provide f o r  access  to  install  t e s t  cables without removal of 
flight equipment. 

f )  Provide fo r  sys tem t e s t  st imuli ,  handling equipment, and 
protective device installation and removal in a manner 
precluding interference with flight equipment. 



Provide for access  to, and installation o r  removal,  of any 
flight equipment with minimal impact to or removal of other 
flight equipment. 

* 
Provide for  modular installation and removal of the Trajectory 
Correction and Attitude Propulsion Unit (TCAPU) and the 
Injection Propulsion Onit (IPU) with a minimum complexity and 
number of affected mechanical and electr ical  interfaces.  

Allow for  separa te  determination of the MM launch and cruise  
m a s s  properties;  P M  m a s s  properties;  and S/C m a s s  
propert ies  per  the requirements of MJS77-3-200, Iner t ia l  
Proper t ies .  

Provide for installation of the PM such that the individual 
thrus t  vectors  of the IPU and the TCAPU a r e  aligned with 
respect  to the launch and cru ise  centers  -of -mass  respectively, 
according to the requirements  of MJS77-3-200, and MJS77-3- 
1 70, Functional Accuracies  and System Capabilities. 

Provide that nominal c r o s s  products of iner t ia  in X-Y and X-Z  
shal l  be nominally near  ze ro  accordieg to  the requirements  of 
MJS77-3-200. 

Provide for  adjustment of the deployed Radioisotope Thermo- 
e lec t r ic  Generator (RTG) location to  reduce the c r o s s  products - 
of iner t ia  value in  the Y - Z  plane to a nominal of zero  according 
to  the requirements  of MJS77-3 -200. 

Provide that the c ru ise  location and orientation of the deployed 
RTG' s shal l  be such that the radiation levels established in 
MJS77 - 3  -240, Environmental D e s i g ~  Requirements,  for 
electronics assemblies  i s  not exceeded. 

Provide for  final installation of the SIX-band antenna sub- 
system, with c ru i se  sun sensor  attached, to the fueled 
spacecraft  with a minimum of mechanical and electr ical  
interfaces.  

Provide for  efficient and safe installation of the RTG assembly 
to  the fueled S/C just pr ior  to  encapsulation. 

Provide for  e lectr ical  and mechanical separation of the S/C 
f rom the L V .  

Provide for re lease  and deployment of the scan platform and 
RTG' s .  

Provide for  the electr ical ,  mechanical and hydraulic re lease  
and separation of the PM from the MM. 

Be compatible with requirements  for micrometeroid protection. 



Electronic Equipment Arrangement Requirements 

The configuration shall define an Electronic Packaging Arrangement 
(Figure 2)  such that the electronic subassemblies designed in 
accordance with the requirements of MJS77-3-220, Electronic 
Equipment Design, shall be contained within bays in the bus structure 
unless otherwise specified. Wherever possible, all  the subassemblies 
fo r  a given subsystem shall be located within one bay a s  an Electronic 
Assembly (EA). The arrangement shall also take into consideration 
such factors as: subsystem functional ieterfaces with other subsystems, 
cabling, temperature control, mass distribution, radiation, magnetic 
moment and EM1 shielding. The Electronic Equipment Arrangement 
s h w n  in Figure 2 represents the configuration which most nearly 
satisfies the subsystem requirements delineated in the following 
paragraphs. 

4.2.1 Radio Frequency Subsystem (RFS) 

Two bays of volume shall be provided for the RFS electronic equip- 
ment. For  temperature stability, the &A containing the TWTA1s 
shall be one bay removed f rom the EA containing the S/X trans- 
ponders. The bay between the two EA1s shall contain an assembly 
of low or  constant power dissipation. 

4.2. 2 Modulation Demodulation Subsystem (MDS) 

Approximately 1/2 bay of volume shall be provided for the MDS 
electronic equipment. The MDS shall be located a s  close to the 
RFS S/X transponder a s  i s  practical, 

4.2.3 Power Subsystem (PWR) 

One bay of volume shall be provided for the PWR electronic equip- 
ment. The EA shall be located a s  close to the RTG1s a s  i s  practical. 

. - 
4.2.4 Computer Command Subsystem (CCS) 

Approximately one bay of volume shall be provided for the CCS 
electronic equipment. The CCS shall be a s  centrally located with 
respect to i ts  interfaces a s  i s  practical. 

4.2.5 Flight Data Subsystem (FDS) 

Approximately one bay of volume shall be provided for the FDS 
electronic equipment. The FDS shall be located a s  close to the 
science instruments a s  i s  practical. 

4.2. 6 Data Storage Subsystem (DSS) 

Approximately one bay of volume shall be provided for the DSS 



electronic equipment. The DSS shall  be located a s  close to  the FDS 
a s  i s  pract ical ,  and adjacent to a high power dissipation bay. 

4 .2 .7  Hybrid Programmable Attitude Control Electronics (HYPACE) 

Approximately one bay of volume shall  be provided for the HYPACE 
electronic equipment. The HYPACE shall  be located a s  close to  the 
scan  actuators ,  TCAPU th rus t e r s ,  Sun sensor s ,  Canopus Star Track-  
e r s  (CST) and the Dry Inertial  Reference Units (DRIRU's) a s  is 
practical.  

4. 2 .  8 Dry Inertial  Reference Units (DRIRUs) 

Approximately 112 bay of volume shall  be  provided for  the DRIRU 
subassemblies.  The DRIRU's shall  be located on a reference axis 
and a s  close to  the HYPACE a s  i s  practical.  

4 .2 .9  Pyrotechnic Switching Unit (PSU) 

Approximately 114 bay of volume shal l  be provided for  the PSU 
electronic equipment. The PSU shal l  be located a s  closely to  i t s  
interfaces a s  i s  practical.  

4.2.10 Magnetometer Subsystem Electronics (MAG) 

Approximately 1/4 bay of volume shal l  be provided for the MAG 
electronic equipment. The MAG electronics shal l  be located a s  
close to the magnetometer boom and FDS bay a s  i s  practical.  

4 . 3  Mechanical Requirements 

Functional requirements imposed by the various subsystems on the 
MJS77 Spacecraft Mechanical Configuration a r e  l isted by subsystem 
in the following paragraphs.  

4 .3 .1  Structure Subsystem (STRU) 

The configuration shall define a generalized s t ruc tura l  arrangement  
such that: 

a )  Efficient s t ruc tura l  support of the spacecraft ,  a l l  subsystems 
and subsystem components can be provided, 

b) Alignment, accuracies  a s  defined in MJS77-3 -1 70 can be 
achieved, 

c )  Deployable elements of the S/C can be adequately supported 
in both the stowed and cru ise  configuration, 

d )  Deployment paths a r e  unimpaired, -. 

e )  Spacecraft m a s s  propert ies  and thrust  vector alignment can 
be achieved by adjustment of the P M  thrust  vector and/or the 
RTG location, 

3 4  



f )  Adequate electronic packaging volume i s  provided within the 
bus s t ruc ture  according to  the requirements  l isted in paragraph 
4. 2, 

g )  Radiation and micrometeroid protection for flight equipment 
can be efficiently provided, 

h )  A two-degree-of-freedom scan platform with maximum practical 
rotational f reedom about both axes can be provided ( s e e  
paragraph 4.5 for  scan platform requirements) ,  

i )  A SIC-to-LV adapter and LV interface of minimum complexity 
can be defined. 

4 .3 .2  Power Subsystem (PWR) 

4 .3 .2 .1  RTG Assembly. The configuration design shall: 

a )  Provide for  th ree  RTG' s to  be mounted in line on a deployable 
s t ruc ture ,  such that the separation between the inboard RTG 
and the nea res t  electronics assembly i s  compatible with the 
allowable radiation levels specified in  MJS77-3 -240. 

b) Provide that the longitudinal centerline of the deployed R T G 1 s ,  
when projected through the bus, shal l  in te rsec t  the deployed 
cru ise  science instruments  in the vicinity of the most  radiation 
sensit ive instrument.  

c )  Provide for  adequate radiation and/or the rma l  protection for  
the RTG assembly  and nearby S/C equipment in the launch 
configuration. 

d )  Provide for  minimal  exposure of personnel to the radiation 
and the rma l  environment of the RTG1 s during the installation 
of: 

1)  Interconnect s t ruc ture ,  

2) RTG cabling, 

3) Boom s t ruc ture ,  and 

4) Launch res t ra in t  latching and r e l ease  devices. 

e )  Provide fo r  minimal  exposure of personnel to the 
hazardous radiation and thermal  environments of the RTG's 
during installation and removal of the RTG assembly  f r o m  
the launch ready S /  C. 



4. 3 . 2 . 2  Shunt Radiator, The configuration shaU provide for a shunt 
radiator capa6le of dissipating a s  heat, part or all  of the electrical 
power generated by the RTG's. The radiator shall be positioned 
to have a clear view of space and be in the HGA solar shadow 
during cruise.  

4 .3 .2 .  3 Battery. The configuration shall provide for  installation of a 
battery on the PM in a location compatible with temperature con- 
trol  requirements of MJS77- 3-2 10, Design Criteria for Spacecraft 
Temperature Control. 

4 .3 .3  Attitude and Articulation Control Subsystem (AACS) 

4 .3 .3 .1  Sun Sensor (ICD No. 10065262). The configuration shall provide 
the Sun Sensor an unobstructed rectangular field-of-view 
(FOV) of *25 deg in pitch and t1 9 to -51 deg in yaw, and, a 
rectangular s tray light FOV of *40 deg in pitch and t34 to -46 
deg in yaw. 

4 .3 .3 .2  Canopus Star Tracker (CST) (ICD No. 100652631. The configura- 
tion shall provide an unobstructed rectangular FOV of f 5  deg in 
clock and ~ 1 8  deg in cone, centered a t  clock and cone angles of 
0 and 90 deg respectively; and a stray light FOV of &15 deg in 
clock and *33 deg in cone. The CST shall be located in the +X/ -Y  - 
quadrant 35 deg from the - Y  axis.  

4. 3. 3. 3 Articulation Actuators (ICD No, 10047158). The configuration 
design shall provide a scan platform and acience assembly with 
minimal center-of-mass offsets from the center of rotation of 
the platform in azimuth and elevatian, avd rotational moments of 
inertia minimized to the extent possible commensurate with 
instrument viewing requirements. Scan platform inertial prop- 
ert ies and center-of-mass offset shall be in accordance with 
MJS77-3-200. 

4. 3.4 Pyrotechnic Subsystem (PYRO) 

The configuration shall provide: 

a )  For  pyrotechnic actuation of functions to include, but not 
be limited to: 

1) Launch vehicle/spacecraft separation, 

2) Solid motor ignition, 



3) Thrust vector control fuel line isolation, 

4) RTG launch restraint release, 

5) Scan platform launch restraint release, 

6)  PM jettison, and 

7) Magnetometer boom deployment. 

b) For  installation of all  squibs with the SIC in a near flight 
condition, during the final assembly sequence, in the 
Explosive Safe Facility (ESF); 

c)  For  installation of the super zip primer cord and actuation 
hardware, with the SIC in a near flight ready condition, 
during the final assembly sequency a t  the ESF; 

d) Access to the PSU with direct access cabling, with the S/C 
in a near launch ready condition, fo r  final safety and circuit 
continuity verification. 

4 .3 .5  Cabling Subsystem (CABL) 

The configuration shall: 

a )  Provide for minimal system and subsystem cable length 
commensurate with resolution of other requirements; 

b) Provide for pathways and structural support of system and 
subsystem cabling; 

c)  Allow access for installation and removal of electrical 
connectors required during system testing. 

4 . 3 . 6  Propulsion Subsystem (PROP) 

The PROP consists of the IPU and the TCAPU. 

The configuration design shall: 

a )  Provide a field joint at  the base of the bus for final installa- 
tion of the near flight ready MM (less RTG' s, HGA and MM 
Adapter Truss)  to the near flight ready PROP (with the 
Adapter Truss  attached); 



b) Provide that the solid motor ,  thrust  vector control t h rus t e r s  
and TCAPU th rus t e r s  a r e  oriented and aligned with respect  
to  the S/C and/or  MM centers-of-mass in accordance with 
the requirements  of MJS77- 3- 170; 

c )  Locate and orient the thrust  vector control rol l  engine on 
the P /M A and B axes 40 .0  inches radially outboard f rom the 
S/C Z-axis such that when fired in opposing pa i rs  they will 
produce SIC rol l  control torque; 

d) Locate and orient the remaining four thrust  vector control 
engines on the P /M A and B axes (a t  J P L  Station 74.20) 
angled 24 deg f r o m  the vert ical  a s  shown in Figure 1, 
View C-C; 

e) Locate and orient the TCAPU thrus ters  relative to the nomi- 
nal center-of-mass such that the pr imary  control torque 
moment a r m s  a r e  38. 62:: * l .  0 in. in pitch, 21. 60::: *l. 0 in. 
in yaw and 40. 32:: *I. 0 in. in rol l ;  

f )  Provide that propulsion exhaust plume impingement shall 
not damage, nor  degrade the operation of, other SIC 
equipment. 

4 . 3 . 7  Tempera ture  Control Subsystem (TEMP) 

The configuration design shall  be such that the S/C tempera ture  
can be maintained according to  the requirements of MJS77- 3- 2 10. 

Additionally, the conf i g u r a t i o ~  shall: 

a )  Provide a thermally clean S/C exter ior ,  minimizing heat leaks; 

b) Provide for  adequate thermal  protection of the RTG assembly 
and nearby S/C equipment during launch and cruise;  

c )  Provide fo r  the directed flow of conditioned a i r  over components 
and subassemblies during the period of encapsulation, a s  
necessary ,  to  meet  the requirements of MJS77-3-210. 

::: The nominal center -of -mass  i s  located a t  X = t o .  13; Y = -4 .51  and 
Z = - 16.91. The *1.0 inch tolerance in moment a r m  length represents  
a n  uncertainty in the center-of-mass location. 



d )  Provide for  installation and support of the rma l  blankets and 
sunshades; 

e )  Provide for  instal la t ionad support of Radioisotope Heater 
Units p e r  MJS77-3-210. 

f Modulate tempera ture  excursions of bay-mounted electronics 
in  bays 1 ,  2, 6, 7, and 9 through the use  of externally-mounted 
louver assemblies .  

4 . 3 .  8 Mechanical Devices Subsystem (DEV) 

The configuration design shal l  make provisions for  the installation 
and effective utilization of mechanical devices to per form the 
following functions: 

a)  Latch and r e s t r a in  the scan  platform and science boom for 
launch, 

b)  Latch and r e s t r a i n  the RTG assembly during launch, 

c )  Support and align the two MAG High Field Sensors ,  

d )  Deploy, support and align the tws  MAG Low Field Sensors ,  

e )  Latch and r e s t r a in  the magnetometer boom during launch, 

f )  Separate  the S / C  f rom the LV, 

g) Release and deploy the RTG's and boom assembly,  

h )  Release and deploy the scan platform and boom assembly,  

i) Release and extend the magnetometer boom, 

j Release and separa te  the P M  f r o m  the MM, 

k) Provide active shock isolation o r  attenuation where required 
by  scan platform instruments.  

1) Provide active shock isolation o r  attenuation for  the 
magnetometer boom. 

m )  Provide active shock isolation o r  attenuation for  the RTG 
boom. 



S/X -band Antenna Subsystem (SXA) 

The configuration design shall: 

a )  Provide for support and a l i  nment of a c i rcu lar ,  parabolic, 
3 .  66 m (12 ft)  diameter ,  S h - b a n d ,  a n t e w a  reflector with a 
focal  length-to -diameter rat io  of 0 . 3  3 76; 

b) Provide fo r  support and alignment of an X-band feed horn to be 
located in the center of the parabolic reflector; ,  

c )  Provide f o r  support and alignment of a hyperbolic dichroic 
(frequency selective) subreflector directly above the X-band 
feed horn; 

d)  Provide for  support and alignment of a pair  of back-to-back 
S-band antenna feed horns - one to serve  a s  the S-band HGA 
feed, the other to se rve  a s  Low Gaip Antenna (LGA);  

e )  Provide the HGA with an unobstructed 5 deg half-cone angle 
F O V  centered on, and aligned paral le l  with the S/C -Z-axis,  
and emanating f r o m  the periphery of the pr imary  ref lector  
surface; 

f )  Provide for  a minimum lengkh wave guide and/or coax path 
f rom the RFS t ransmi t te r  bay to  the X-band HGA feed, the 
S -band HGA feed and the S -band bGA; 

g) Provide f o r  c ru i se  sun sensor  support, alignment and FOV 
requirements  when mounted on the r e a r  face  of the parabolic 
reflector;  

h) Provide for modular final installation of the HGA assembly 
with feeds,  sun sensors  and cabling in place. 

4 .4  Science Requirements 

The science payload may be grouped in th ree  categories:  

a )  Body Fixed S cience - That science which i s  attached directly 
to  the MM bus. The planetary radio astronomy, plasma wave, 
and magnetometer subsystems have bus mounted electronic 
packages extendable antennas and a n  extendable boom respec-  
tively. These instruments a r e  sensit ive t o  MM electromagnetic 
interference and magnetic fields respectively. The instrument 
locations and orientation shall  be chosen to minimize those 
instrument environments to  the grea tes t  degree practical,  
commensurate with other spacecraft  requirements .  



b) Boorn.Mpunted Science - Three  science instruments a r e  
affixed to  the science boom to  continuously monitor the in ter -  
planetary space media in general, and energetic particle 
medium in part icular .  The cosmic ray, low energy charged 
particle and plasma subsystems a r e  sensitive to their  celes-  
t ia l  orientation and the MM induced radiation environment. 

c )  Scan Science - The wide angle (WA) and narrow angle (NA) 
imaging science cameras ,  photopolarimeter, infrared inter- 
ferometer  spectrometer  and radiometer and ultraviolet 
spectrometer  a r e  mounted on the scan platform, Since they 
a r e  optical in nature, they a r e  sensitive to s t ray  light, 
require protection f rom direct  exposure to the Sun, and 
des i re  an  unobstructed view of the celestial  sphere. 

Certain MJS77 limitations and constraints preclude satisfaction of 
a l l  science requirements and objectives per  se .  However, within 
the limitations of the S/C capabilities, alternative solutions have 
been negotiated which resul t  in realization of the objectives of each 
experiment without undue compromise. 

The following paragraphs present the stated ''REQUIREMENTS" and 
the "NEGOTIATED EXCEPTIONS" (where applicable) for  each of the 
instruments in the scientific payload. 

4.4.1 Planetary Radio Astronomy Subsystem (PRA) (ICD No. 10062352) 

The PRA consists of an  electronics package to which a r e  attached 
two deployable 10 m long antennas. 

The configuration shall: 

a )  Provide an  external bus mounted location f rom which the 
antennas may be deployed without interference with other 
flight equipment; 

b)  Provide for  s t ruc tura l  support and launch restraint;  

c )  Provide a deployed orientation such that the antennas a r e  
normal  to each other in  a plane perpendicular to the 
MAG boom and centered about the Y-axis; 

d )  Provide for  centerline clearance between antennas and RTG 
outrigger of 76 c m  (3.0 in.) to the upper outrigger members  
and 127 c m  (5.0 in) to lower members.  

4.4.2 Plasma Wave Subsystem (PWS) (ICD No. 10062373) 

The PWS consists of an  electronics package which in conjunction 
with. the PRA shares  the two 10 m PRA antennas. 



The configuration shal l  provide a n  external  bus mounted location 
for  the  P W S  electronics  a s  n e a r  the  PRA antennas a s  i s  pract ical .  

Magnetometer Subsystem (MAG) (ICD No. 10062365) 

The MAG inst rument  consis ts  of two bay mounted e lectronics  
subassembl ies ,  two Low Fie ld  Magnetometer ( L F M )  senso r  
packages mounted on a 13 m deployable boom, and two High 
Field  Magnetometer (HFM) senso r  packages which a r e  at tached to  
MM s t ruc tu re .  

The configuration shall: 

a )  Provide for  LFM senso r  orientation on the boom such that 
the longitudinal axis of the outboard s enso r  i s  paral le l  to the 
X-axis,  the inboard s enso r  longitudinal axis  i s  paral le l  to the 
Y-axis and both s enso r  axes a r e  no rma l  to the Z-axis .  

b )  Provide  for  mounting one L F M  senso r  package a t  the boom 
t ip  and a second between 7 . 8  and 10.4  m f r o m  the base  of the 
boom; 

c )  Provide  for  mounting of the  two HFM senso r  packages nea r  
the  base  of the boom approximately one me te r  apa r t .  

4 . 4 . 4  Cosmic Ray Subsystem (CR?) (ICD No. 10062351) 

The CRS consis ts  of a s enso r  a r r a y  mounted on an electronics  
package. The s enso r  a r r a y ,  in turn,  consis ts  of: 

a )  Two High Energy Telescopes  (HET) with 50 deg conical  FOV' s 
emanating f r o m  each end; 

b )  F o u r  Low Energy Telescopes  (bFT)  with 90 deg conical  FOV' s; 
and 

c )  The  Electron Telescope (TET) with a 90 deg conical  FOV. 

The configuration shall :  

a )  Posit ion the  ins t rument  on the  MM nea r  the projection of the 
RTG center l ine  such that  maximum utilization of the  radiation 
shielding effect of the  bus s t ruc tu re  and the  bay mounted 
e lectronics  a s sembl i e s  can be rea l ized  consistent  with other 
SIC requi rements  ; 

b)  Provide an unobstructed FOV fo r  the four L E T ' S  and the T E T ;  
and both ends of the two HET ' s .  

c )  Orient  the HET' s such that  the i r  boresight vec tors  a r e  no rma l  
t o  each other and one l i es  in the  plane of the Ecliptic a t  9 AU;  



d )  Provide a second position for mounting one HET, such that 
the above conditions a r e  met;  

e )  Orient th ree  of the L E T ' S  such that their  boresight center -  
l ines a r e  orthogonal, and the fourth such that i t  is coaxial 
with, but directed opposite f rom,  any one of the other LET1 s ;  

f )  Orient the TET boresight paral le l  t o  any LET pointing direction. 

NEGOTIATED EXCEPTIONS: 

HET pointing requirements  have been relaxed such that their  bore - 
sight directions a r e  oriented a s  near  to  c )  and d)  above a s  possible 
while maintaining FOV' s which a r e  unobscured and do not overlap. 
Table 1 l i s t s  HET and LET boresight orientation, F O V  status 
and percentage of FOV obscuration. A graphic representation 
is presented in  F igures  13 and 14. 

Table 1. CRS Sensor Boresight Vectors 

ANGLE BETWEEN SENSORS 
and PERCENT OBSCURATION 

90 deg to B and D, 180 deg to C 

90 deg to A, C and D 
(1 percent obs. ) 

90 deg to B and D, 180 deg to A 
(1 percent obs. ) 

90 deg to A, B and C 
(2 percent obs. ) 

Para l le l  to C 

67 deg to HET C 

45 deg to HET C 

SENSOR 

LET A 

B 

C 

D 

TET 

HET 1 

HET 2 Pos.  1 

HET 2 Pos.  2 

BORESIGHT 
VECTOR 

* 

Clock 
(deg) 

305 

236 

125 

10 

305 

338 
158 

104 
2 84 

104 
2 84 

Cone 
(deg) 

115 

53 

65 

48 

115 

60 
120 

78 
102 

140 
4 0 



NOTE: T h e r m a l  blankets  a r e  not shown but m a y  i n c r e a s e  
S I C  dimens ions  by a s  m u c h  a s  1 inch on each  edge.  

F i g u r e  13. Cosmic  Ray Ins t rument  HET 
Fie lds  of View and  Obscura t ion 



NOTE: The rma l  blankets a r e  not shown 
but may  inc rease  S I C  dimensions  
by a s  much a s  1 inch on each  edge. 
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Figure  14. Cosmic Ray Instrument LETITET 
Fields  of View and Obscuration 



4 .4 .5  Low Energy Charged Par t ic le  Subsystem (LECP)  (ICD No. 10062355) 

The LECP consists of a se r i e s  of sensors  in a pair of rotating 
telescopes. The Low Energy Magnetospheric Part icle  Analyzer 
(LEMPA) and the Low Energy Par t ic le  Telescope (LEPT)  a r e  
mounted on a rotating platform which i s ,  in turn, mounted on an 
electronics package. The LEPT telescope has  a 55 deg conical 
FOV emanating f rom each end. The LEMPA has 45 deg and 95 deg 
conical FOV1s emanating f r o m  opposite ends. A P '  sensor views' 
space f r o m  the side of the LEMPA, f r o m  the plane of rotation to 
nearly the axis of rotation sequentially through a se r i e s  of seven 
equal solid angle ports  in  a hemispherical shield. The entire sen- 
so r  package rotates  plus and minus 360 deg in 45 deg steps. Each 
sensor  samples a t  each of the 45 deg positions. 

The configuration shall: 

a )  Locate the instrument near  the projection of the RTG center-  
line in a manner which maximizes the radiation shielding 
effect of the bus s tructure and bay mounted electronics 
assemblies  consistent with other spacecraft  requirements; 

b) Orient the plane of rotation of the telescopes a s  nearly parallel  
to the ecliptic plane during post-Saturn cru ise  a s  possible; 

c )  Provide for  unobstructed fields-of-view for a l l  sensors  in each 
of the eight platform sampling positions (except a s  noted in 
d )  below); 

d )  Provide for one platform position (stowed), in which a sun 
shade completely covers the (3' sensor and the ports on one 
end of each telescope (LEPT and LEMPA); 

e )  Provide that a l l  MM induced obscuration occur within the 
angle subtended by the sun shade. 

NEGOTIATED EXCEPTION: 

The LECP has been oriented such that the axis of rotation i s  aligned 
with a 200 deg clock 90 deg cone vector to provide the sensors  with 
unobscured 55 deg conical fields-of -view a t  al l  platform boresight 
positions. This orientation resul ts  in an obscured 47 deg conical 
region centered a t  290 deg clock, 26 deg cone. Seven orientations 
f o r  ports  in  the p' shield have been selected which provide coverage 
of a l l  angles between the plane of rotation and 9 deg of the projected 
axis of rotation. Table 2 l is ts  the LECP FOV boresight orientation. 
A graphic representation i s  presented in Figure 15. 





Table 2. LECP Sensor Boresight Vectors 

4.4. 6 P la sma  Subsystem (PLS) (ICD No. 10062362) 

PLATFORM 

POSITION 

0 (Stowed) 

1 

2 

3 

4 

T h r e e  pentagon-shaped sensor  packages a r e  joined to  each other to  
f o r m  an  a r r a y  with 90 deg pr imary ,  and 180 deg secondary, conical 
FOV' s centered on the axis of symmetry  of the a r r a y .  A fourth, 
cylindrical, sensor  i s  boresighted normal  to  ax is  of symmetry  and 
has  a 120 deg conical FOV centered on its boresight. The sensors  
and a supporting electronics package constitute . the.PLS instrument.  

The configuration shall: 

+ 
BORESIGHT VECTOR 

a )  Provide an  unobstructed, 90 deg conical , pr imary  FOV 
centered on the nominal MM-Earth vector ;  

b) Provide a near ly  unobstructed, hemispherical,  secondary, 
FOV centered on the nominal MM-Earth vector ;  

F' POINTING VECTOR 

(NOM L. TO AXIS) 

- 

85.5  

76.0 

65.5 

54.5 

43.0 

17.0 

33.5 

L E P T  (LEMPA) 

i lo9 

c )  Provide an unobstructed, 120 deg conical, FOV for  the l a t e ra l  
sensor ,  centered normal  to  MM-Earth vector and boresighted 
a t  262 deg clock, 90 deg cone. 

CLOCK 
(deg) 

290 

290 

290 

290 

110 

110 

110 

The FOV requirements  a r e  me t  a s  depicted graphically in F igure  16. 

CONE 
(deg) 

26 

7 1 

116 

16 1 

154 

64 

19 

110 
I 
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NOTE: T h e r m a l  blankets a r e  not shown 
but may  i n c r e a s e  S I C  dimens ions  
by a s  much a s  1 inch on each  edge.  

F i g u r e  16. P l a s m a  Ins t rument  F i e l d s  
of View and Obscura t ion  
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NEGOTIATED EXCEPTIONS:( 

The instrument position and orientation selected provides totally 
unobscured p r imary  FOV. Two CRS telescopes,  the HGA feed, and 
the Mag Boom protrude into the 180 deg secondary FOV producing 
an obscuration of approximately 1 . 0  percent of the total f ield.  The 
FOV of the side mounted sensor  i s  unobscured by the scan platform 
when the platform i s  boresighted a t  262 deg clock 90 deg cone, how- 
ever ,  other platform positions may  resul t  in obscuration. 

4 .4 .7  Imaging Science Subsystem (ISS) (ICD1 s No. 10062360, 10062366 
and 10062367) 

The ISS consists of: a 1. 5 m focal length, NA camera  (ISS NA), 
with 0 .6  deg conical, optical FOV and 11 deg conical s t r a y  light 
FOV; a 0.2 m focal  length, WA camera  with a 4 .6 deg conical ,  
optical FOV and a 15 deg s t r ay  light FOV; and two identical 
electronic packages. 

The configuration shall: 

a )  Provide for  installation and alignment of the ISS NA and ISS 
WA cameras  on the scan platform in a manner which re la tes  
their  boresight vectors  with the platform vector according 
to the requirements  of MJS77-3-170, 

b )  Provide unobstructed fields-of-view of 0 . 6  deg for  the ISS NA 
and 4 .  6 deg for the ISS WA cameras ,  

c )  Provide that no flight equipment be within the 11 deg NA o r  
15 deg WA s t r ay  light FOV when that equipment i s  
illuminated; 

d )  Provide f o r  installation of two electronics packages on the 
s can platform; 

e )  Provide for  radiation shielding of the electronics packages 
p e r  the requirement s of MJS77-3-240. 

4.4.  8 Photopolarimeter Subsystem (PPS)  (ICD No. 10062357) 

The PPS  instrument  consis ts  of e lectronics ,  s enso r s ,  f i l ter wheels, 
optics and Sun shade integrated into a single package. The PPS  has 
four conical F O V 1 s  boresighted along the centerline of the instrument.  
The la rges t  of the FOV' s i s  3-112 deg. 

The configuration shall: 

a )  Provide for  installation of the PPS  instrument  on the scan 
platform such that i t s  boresight vector i s  aligned with the 
platform L vector according to  the requirements  of MJS77-3- 
170, 



b) Provide an unobstructed 3 -  1 / 2  deg. , conical FOV, centered 
on the instrument boresight vector;  

c)  Provide a 20 deg conical s t r ay  light FOV centered on the 
instrument boresight vector; 

d )  Provide that no illuminated flight equipment shall  see  the inner 
sur face  of the Sun shade; 

e )  Provide that the sun shall  not see the inner surface of the 
sun shade when the scan platform i s  a t  cone angles of 20 deg 
o r  g r e a t e r .  

Ultraviolet Spectrometer - Subsystem (UVS) (ICD No. 10062364) 

The UVS instrument consists of e l e c t r ~ n i c s ,  sensors  and optics 
contained within a single package. The instrument has a rectangu- 
l a r  1.0 x 0.2 deg Airglow FCIV centered paral le l  to i t s  longitudinal 
axis and a 0.6 x 0.6 deg Occultatian FOV centered on a vector 
20 deg off the Airglow boresight vectoy. 

The configuration shall: 

a )  Provide for installation of the UVS instrument  on the scan 
platform such that i t s  boresight vector i s  aligned with the 
platform vector according to the requirements of 
MJS77-3-170. 

b) Provide an  unobstructed 1 x 0.2 deg rectangular F O V  and 
Stray light FOV of 10 x 2 deg centered on the instrument  
bore sight; 

c )  Provide an  unobstructed 0 .6  x 0.6 deg square FOV and s t ray  
light FOV of 10 x 1 deg boresighted a t  $ =  20 deg, X =  0 deg 
for  observation of so l s r  occultation. (Ref. Fig. 11) ( e .  g., 
the occultation port  boresight elevation angle equals the 
the airglow elevation angle l e s s  20". ) 

4.4.10 Infrared Interferometer  Spectrometer  and Radiometer Subsystem 
(IRIS) (ICD's No. 10062369 and 10062372) 

The IRIS instrument consists pr imar i ly  of a c a s  segrain telescope, 
an  optical conditioning assembly,  a power supply, and an  elec- 
t ronics  package. The IRIS electronics package and power supply 
a r e  mounted separately on the platform. The instrument  has  a 
114 deg conical F O V  emanating f r o m  the periphery of the 51 c m  
diameter  p r imary  reflectoc. 

The configuration shall: 

a )  Provide for  installation of the IRIS instrument  on the scan 
platform such  that i t s  boresight vector i s  aligned with the 
platform L vector according to the requirements  of 
MJS77-3- 170; 



b) Provide for  installation of the IRIS electronics package and 
power supply on the scan platform; 

c )  Provide an unobstructed 114 deg conical FOV centered on the 
p r imary  m i r r o r  centerline; 

d )  Provide that no illuminated flight equipment shall  be within the 
2.5 deg conical s t r ay  light FOV during slewing of the Science 
platform to view the calibration ta rge t  and brewster  plate. 
Special ca re  shall  be taken to  have a l l  flight equipment surfaces 
glint f r e e  in  the a r e a s  shaded i n  F igure  28. 

e )  Provide that the optical sur face  of the IRIS beam split ter shall  
be ver t ical  t 1 0  deg for  launch (i. e . ,  the instrument boresight 
vector shall  be in  the X-Y plane *10 deg); 

f )  Provide an unobscured 12 m r a d  conical FOV for  the solar  
calibration m i r r o r  boresighted a t  $=20°,  X = O O  ( r e fe r  to 
F igure  11) (e. g., the m i r r o r  boresight elevation angle equals 
the instrument  elevation angle l e s s  20 percent. 

* 4.4.11 Modified Interferometer  Spectrometer and Radiometer Subsystem 
(MIRIS) (ICDs No. 10062348 and 10062371). 

Deleted 

Scan Platform Pointing Requirements 

The configuration design shall: 

a )  Provide fo r  a two-deg-of freedom scan platform; 

b) Provide a n  unobstructed 4 T  steradian FOV for  a l l  platform 
mounted instruments;  

c )  Provide rotational f reedom in the gimbal axes such that the 
platform can be pointed a t  any object in the MM centered 
celest ia l  sphere; 

d) Orient gimbal axes to minimize slewing t ime during periods 
of highest platform utilization; and 

e) Provide maximum flexibility for  the accommodation of 
changes to  the miss ion  sequence and/or  t ra jec tory  flown. 



f )  Provide rotational capability to align the UVS occultation FOV 
long axis (10 deg) tangent to the edge of the planet a t  immer -  
gence and emergence to sun occultation (while satisfying 
radio science HGA pointing during Earth occultation). 

NEGOTIATED EXCEPTION: 

The scan platform provided in the M JS77 configuration has rotational 
f reedom in Azimuth and Elevation. Azimuth rotation is  limited to 
rt180 deg about Azimuth position 167.5 deg. An overtravel  capability 
in Elevation provides 21 0 deg of rotational freedom. The platform 
m a y  be rotated in elevation 10 deg beyond the zenith ( 0  deg El )  and 
20 deg beyond the nadir (1 80 deg E l )  a t  a l l  available Azimuth angles. 
Figure 17 depicts the platform rotational f reedom and limits. 

Certain platform pointing directions resul t  Ln instrument obscura- 
tion by MM hardware.  The obscuration fo r  each platform mounted 
instrument is  different. In addition there is  an operational r e s t r i c -  
tion imposed by the PPS instrument. The PPS constrains the scan 
platform f rom pointing within 20 deg of the Sun before 5 AU. After 
5 AU, the platform shall  not point within 1 5  deg (but only with PPS 
analyzer wheel in the "dark" o r  "cal slide" position when inside 
20 deg). Figures  18 through 3 3  depict individually each instrument 's  
pointing capability and limitation. (Obscnrations shown a r e  hard-  
ware tangent to that instrument 's  largest  FOV. ) 

Scan Science Calibration Target  Reqyirernents 

The configuration shall  provide f o r  a science calibration target  
such that: 

a) The ta rge t  shall  be in the shade of the HGA during the 
normal  cruise  mode; 

b )  The target  can be illuminated by the sun when the MM is 
properly oriented by pitch, yaw, and/or  rol l  tu rns ;  

c )  The scan platform can point the instrument (IRIS, PPS, 
ISSNA and ISSWA) a t  the target ;  

d )  The instrument boresight may  be aligned normal *lo deg 
to the surface of the target  during observations; 

e )  The target  i s  l a rge r  than corresponding instrument FOV 
by a t  leas t  10 percent;  

f )  There i s  no illuminated object other than the target  within 
the s t r a y  light FOV. 

Target  orientation, instrument pointing vectors and FOV informa- 
tion i s  presented graphically in Figure 28. 



PPS Brewster  P la te  Calibration Targe t  Requirements 

The configuration shall  provide f o r  a PPS  polar imetr ic  calibration 
ta rge t  such that: 

a )  The ta rge t  shall  be  in  the shade of the HGA during the normal  
c ru i se  mode; 

b) The target  can be  illuminated by a s te l le r  o r  planetary source 
when the MM i s  properly oriented by pitch, yaw, and /o r  rol l  
tu rns ;  

c )  The target  mounting allows the P P S  to view i t  with a nominal 
angle of 57 deg between the target  normal  and the ta rge t -PPS 
line,  and; 

d)  The target  mounting accuracy shall  be as zpe-ified in 
MJS77-3- 170. 
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Figure 17.  Scan Platform Limit and Capabilities 



Figure 18. ISS WA Obscuration, Earthward Hemisphere 
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* F i g u r e  20. ISS NA Obscuration,  Ear thward  Hemisphere  
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Figure  21. ISS NA Obscuration, Anti-Earthward Hemisphere 
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* Figure  22. PPS Obscuration, Earthward Hemisphere 
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F i g u r e  23 .  PPS Obscuration,  Ant i -Ear thward Hemisphere  
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Figure  24. IRIS Obscuration, Earthward Hemisphere 
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* Figure  25. IRIS Obscuration, Anti-Earthward Hemisphere 
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Figure  26. UVS Air-Glow Obscuration Earthward Hemisphere 
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*. F i g u r e  27. UVS A i r  -Glow Obscura t ion  A n t i - E a r t h w a r d  H e m i s p h e r e  
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* Figu re  28. UVS Occultation Obscuration Ear thward Hemisphere  
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Figu re  30. P l a t f o r m  Slew S t ray  Light L i m i t s  Ear thward  Hemisphe re  
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*; F i g u r e  3 2 .  P l a t f o r m  Science Stray Light FOV L imi t s  Ear thward Hemisphere  
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3 3 .  Pla t fo rm  Science S t ray  Light FOV L i m i t s  Ant i -Ear thward  Hemisphe re  
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Figure 34. Scan Platform Calibrition Targets,  
MJS77 Configuration 6 
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FUNCTIONAL REQUIREMENT 

MARINER JUPITER /SATURN 1977 

STRUCTURAL DESIGN CRITERIA 

1 . 0  SCOPE 

This  document establ ishes the c r i t e r i a  and approach for the s t ruc tura l  
design of the Mariner  JupiterISaturn 1977 (MJS77) spacecraf t  (SIC).  

2.0 APPLICABLE DOCUMENTS 

The following documents form a p a r t  of this Functional Requirement. 

NOTE 

M JS77-3-100, Spacecraft  Requirements and Constraints,  
applies to this document. Requirements of other MJS77 
level  3 documents may  also be applicable. I t  i s  the respon- 
sibility of the use r  to adequately acquaint himself with the 
organization and pertinent content of the level 3 documents, 
a s  well  a s  with the mater ia l  contained herein.  

Page  1 of 11 



REQUIREMENTS 

Jet Propulsion Laboratory 

MJS77-3-100 Functional Requirement, Mariner  Jupiter /Saturn 
1977 Spacecraft Requirements and Constraints 

MJS77-3-230 Functional Requirement, Mariner Jupi ter /Saturn 
1 977 Equipment List and Mass Allocations 

MJS77-3-240 Functional Requirement, Mariner  JupiterISaturn 
1 977 Environmental Design Requirements 

OTHER DOCUMENTS 

Jet P r o ~ u l s i o n  Laboratorv 

TM 33-694 A Shock Spectra and Impedance Method 
To Determine a Bound for Spacecraft  
Structural Loads 

Military 

MIL-HDBK 5 Metallic Materials and Elements for  
Aerospace Vehicle Structures  

DEFINITION O F  TERMS 

Structure 

The te rm structure defines al l  MJS77 par ts  and assemblies  whose 
purpose i s  to sustain loads and/or  p ressu res  and provide physical 
support and /o r  containment. 

P r i m a r v  Structure 

Any s t ruc tura l  element whose failure would resul t  direct ly in  the 
general failure of the s t ructural  support of the SIC or of a major  
S / C  assembly a s  listed in MJS77-3-230 Equipment List  and Mass  
Allocations, weighing 22. 7 kg (50 lb) or  more. 

Limit Loads 

Limit loads represent  the maximum physical loads the s t ruc ture  
i s  expected t o  experience under specified conditions of operation 
or  use. All loads used in this  document a r e  l imit loads unless 
otherwise noted. 

Allowable Yield Load 

Allowable yield load i s  the maximum load a s t ructure can sustain 
without yielding. 



Allowable Ultimate Load 

Allowable ult imate load i s  the maximum load a s t ruc ture  can 
sustain without failure. 

Allowable S t r e s s  Data 

Allowable s t r e s s  data a r e  those data obtained from the most  recent  
revis ion of MIL-HDBK 5, Metallic Mater ials  and Elements  for 
Aerospace Vehicle Structures ,  o r  f rom other sources  approved by 
the M JS77 Structures  and Dynamics Engineer and the MJS77 Mate - 
r i a l s  Engineer.  

Fac to r  of Safety (F. S. ) 

The F. S. i s  a multiplying factor applied to the l imit  load to 
account fo r  design uncertainties that cannot be analyzed o r  
accounted for  in a rational manner.  The F. S. for  most  
s t ruc tu res  is 1. 0. 

Hazard Fac tor  

If the failure of a par t icular  S IC  component could resu l t  in injury 
to personnel ,  the l imit  load i s  multiplied by a hazard factor 
g rea te r  than 1 .  0. 

Fa i lure  

Fa i lure  is defined a s  the condition under which the s t ruc ture  o r  
any p a r t  thereof can no longer perform its intended function. Such 
a condition m a y  be caused by g ross  yielding, instability, o r  
rupture.  

Yield Marvin of Safety (M. S. ) 

- - allowable yield load (or  s t r e s s )  - 
M' (yield) Limit  load (or  s t r e s s )  x F. S. 

Ultimate Margin of Safetv 

- - allowable ultimate load (o r  s t r e s s )  - 
(ult imate) 1 .25 X Limit load (o r  s t r e s s )  x F. S. 

CRITERIA 

Strength Requirements 

Yield Requirement 

The s t ruc ture  shal l  be capable of withstanding the l imit  load with- 
out permanent deformation. The yield marg in  of safety (para-  
graph 3.  10) shall  be positive. 

3 



w . 1 . 2  Failure Requirement 

The structure shall be capable of withstanding 1. 25 X Limit Load 
without failure. The ultimate margin of safety (paragraph 3 .  11) 
shall be positive. 

4.2 Pressure  Vessels and Stored Energy Devices 

#!$ 4.2.1 Fracture Mechanics Criteria 

All pressure vessels shall be analyzed using fracture mechanics 
methods. The "Safe-Life" approach shall be used to assure that 
the largest crack which could exist in each pressure vessel will 
not grow to failure during the intended life of the pressure  vessel.  
Stress corrosion crack growth, fatigue crack growth and corrosion- 
fatigue crack growth will be accounted for in the design of each 
pressure vessel using fracture mechanics techniques. 

q& 4.2.2 Terminology for Fracture Mechanics Design of Pressure  Vessels 

*4.2.2.1 MaximurnAllowableOperatingStress,  ropL The maximum allow - 
able operating s t ress  i s  the total s t ress  associated with a load 
condition. 

*4.2.2. 2 Bulk Yield Stress,  ugy, The bulk yield s t ress  is  the s t ress  corre-  
sponding to the pressure at which the pressure-volume relationship 
permanently deviates from linearity. 

*4.2. 2. 3 Threshold Stress Intensity, KT& Below the threshold s t ress  inten- 
sity, sustained load crack growth will not occur for the appropriate 

' design/analysis conditions, 

4.2. 2.4 Critical Stress Intensity, KIC_ At the critical s t ress  intensity, a 
crack will rapidly propagate to failure. 

* 4.2.2.5 Initial Crack Depth, (a/Q)NnT. The initial crack depth defines 
the largest crack which could exist in the pressure vessel  at com- 
pletion of non-destructive testing. 

il) 4 . 2 . 2 . 6  Fatigue Crack Growth A ( a / Q ) c Y c L ~ c .  The fatigue crack growth 
i s  the maximum accumulated increase in crack size due to all 
cyclic loading. 

j() 4.2.2. 7 Master 's Magnification Factor Mu. Master 's magnification factor 
accounts for the effect of the ratio of crack depth to material  
thickness . 

3/C 4.2.3  Stress Corrosion Crack Growth 

Only fluids which do not initiate cracks may be allowed to contact 
pressure vessels.  At least  one valid data point for Kth shall be 
determined for each fluid that i s  pressurized inside a pressure 



vessel  over the planned temperature range for that vessel.  Data 
must also be available to show that all previous fluids (including 
unpressurized fluids) which have a lower Kth than the fluid being 
pressurized have been removed from any cracks which may exist 
in the pressure  vessel.  

Fatigue Crack Growth 

The cyclic loading crack growth rate ,  A ( a / Q ) ~ ~ c ~ 1 ~  in  an inert  
environment must be determined for al l  p ressure  vessels  over a 
range of temperatures,  s t r esses  and s t r e s s  intensities encompass - 
ing the planned cyclic load operational range of the p ressure  vessel 
The amount of data required will vary with the fracture mechanics 
factor of safety to be used. 

Corrosion-Fatigue Crack Growth 

The corrosion-fatigue crack growth rate,  A ( a / Q ) c y c ~ ~ c ,  for all 
internal environments present  during cyclic loading shall be deter -  
mined for all  p ressure  vesse ls  even though the maximum applied 
cyclic s t r e s s  intensity i s  below Kth for the materiallenvironment 
combination. The effect of cyclic load frequency shall also be 
determined. The amount of data required will vary  with the f r a c -  
ture mechanics factor of safety to be used. 

Sustained Load Design Condition 

The equation below shal l  be used to determine the maximum a1lov:- 
able fracture mechanics total s t r e s s  for sustained load design of 
all pressure  vessels:  

Flieht Load Condition 

The sum of the maximum allowable operating s t r e s s  and flight 
cyclic loading s t r e s s  shall not exceed 90 percent of the proof p r e ?  
sure  s t r e s s  or  90 percent of the yield strength of the material .  1, '  
addition 

a )  crop shall satisfy equation 4. 2. 6 with consideration given t o  
the potential accumulated increase in  crack size due to cyclic- 
loading 

b) The corrosion-fatigue data must show a threshold frequency 
of cyclic loading above which the crack growth rate in the 
flight environment i s  equal to the crack growth ra te  in  an 
inert environment, 



R4. 2 . 8  Non-Des tructive Testing (NDT ) and Proof Testing 

The most  sensitive NDT method that is practical shall be used to 
determine ( ~ / Q ) N D T  (paragraph 4 .2 .  2. 5). The proof p r e s s u r e  
s t r e s s  shall not exceed 90 percent  of the mater ial  yield strength. 
When the p ressu re  vesse l  dimensions and fracture propert ies  a re  
such that a c rack  deeper than the wall thickness will survive the 
proof test  without fracturing, the proof p ressu re  s t r e s s  shall  
exceed the maximum allowable operating s t r e s s  by 50 percent.  

*.1.2.9 Other Cr i te r ia  

When the wall thickness of a p r e s s u r e  vesse l  i s  determined by 
cr i te r ia  other than fracture mechanics (e.  g. vacuum collapse),  
the f rac ture  mechanics c r i t e r i a  must  sti l l  be verified by analysis. 

Frac ture  Control P lan  

P r i o r  to design completion, a fracture control plan shall  be devel- 
oped for each p r e s s u r e  vesse l  o r  stored energy device. These 
plans must consider and constrain the entire design, fabrication, 
development, test  and operation life of the vessel .  An expected 
operational his tory of al l  loads and environments must  be prepared 
pr ior  to design completion. This operational history must  accom - 
pany each vesse l  a t  a l l  t imes pr ior  to launch. Any proposed opera- 
tion deviating from this history must  be approved by a waiver pr ior  
to the operation. 

$64. 2 .  11 Factors  of Safety and Proof Tes t  Fac tors  

The following factors  of safety and proof test  factors apply to the 
design and test  of pressure  vessels  and stored energy devices. 

Items 

Factors  of Safety FS 
I I I Yield 1 Ultimate I Fracture  

Mechanics 

, r )  P r e s s u r e  vessels  remote 
from personnel 

b)  P r e s s u r e  vesse ls  in presence 
of personnel 

c )  Lines,  fittings, hoses,  con- 
nections, valves,  t ransducers  
and pressurized tubings joints 

Proof 
Tes t  

Factor 

1 . 5 ::: 

Note: :::Only i f  f rac ture  mechanics considerations a r e  not applicable, other - 
wise use fracture mechanics factor of safety or  proof test  factor.  
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Note : ::Only if f rac ture  mechanics considerations a r e  not applicable, other - 
wise use f rac ture  mechanics factor of safety o r  proof tes t  factor .  

Stiffness Reauirement 

I tems 

d )  Actuating cylinders which ac t  
a s  a r e se rvo i r  under p r e s s u r e  

e )  Actuating cylinders which do 
not ac t  a s  a r e se rvo i r  under 
p r e s s u r e  

f )  Strain energy stored devices 

g )  Solid r o c k e t m o t o r s  

Deflection 

Sufficient rigidity shall  be provided to withstand al l  l imit  load 
conditions without s t ruc tura l  deflections of a magnitude that- would 
jeopardize proper  functioning of the S I C  o r  any component thereof.  
Special  considerations for  rigidity shal l  be given to cr i t ical  a r e a s  
such a s  surfaces used a s  re ferences  for  guidance and control p u r -  
poses.  Deflections sha l l  be considered excessive i f  they: 

-- - 
Fac to r s  of Safety FS 

a )  Cause unintentional contact between adjacent S / C  components 

Yield 

2. 25::: 

1. 6::: 

1.6:: 

b) Cause the SIC  to exceed the launch vehicle ( L V )  d y n a ~ n i c s  
envelope. 

c )  Cause physical separat ion of any preloaded joint. 

Ultimate 

4. 0::: 

2 . 0 ::: 

2 .  0::: 

Mission Module Attitude Control/Structure Interaction 

Appropriate mathematical models representing the dynamics of the 
Mission Module (MM) s t ruc ture  in  the c ru ise  configuration shall  be 
developed and furnished to attitude and articulation contr 01 sub sys  .- 
tern (AACS) for the investigation of the attitude cont ro l l s  t ructure 
interaction. 

Frac ture  
Mechanics 

1 . 5  

1 .5  

1 . 5  

1.35 

St ruc tura l /Thermal  Interaction 

Proof  
T e s t  

F a c t o ~ .  

1. 5:: 

1.5:, 

1. 5;: 

1 .10 1 

Thermal  deflections shal l  be considered for  MM appendage s t ruc -  
tures .  Boom s t ruc tures  shall  have sufficient torsional rigidity to 
preclude therm a1 flutter.  



Structural Nonlinearitie s 

Nonlinear s t ruc tura l  charac ter i s  t ics in the region of expected 
flight loads shall be kept to a minimum. Any significant nonlinear 
charac ter i s  tics in this range shall  be thoroughly investigated by 
analysis and/or tes t .  

-4.4. 1 Mechanical I3 acklash 

Mechanical backlash in  all  operating mechanisms that experience 
iner t ia l  loads of s t ruc tura l  o r  dynamic significance to the S/C shall 
be kept to a minimum. 

1.4. 2 Energy -Dis sipating Device s 

All energy-dissipating devices used on the S /C structure shall  have, 
where possible, l inear or  known nonlinear force -velocity and force - 
deflection relationships over the applicable range of frequencies,  
loads and temperatures .  

1.  '4.  3 Separation Joint Preload 

Installation of the S / C  on the adapter shall  provide for sufficient 
axial preload such that no physical separation shall  occur during 
any ultinlate load conditions. 

Fatigue 

Fatigue shall  be considered in the design of s t ructural  e lements  by 
avoidance of deleterious residual  s t r e s s e s  and s t r e s s  concentrations 
in conformity with good design pract ice.  Special attention shall  be 
given to elements subjected to repeated load cycles a t  high s t r e s s  
levels.  Material  selection shall  consider fatigue charac ter i s t ics  
in relation to the design requirements  of the s t ruc tura l  element. 
One flight type propellant tank mus t  be cycled to  ten t imes  the 
number of expected cycles without failure to  qualify the design 
for fatigue life. 

.4. 6 Discontinuity and Residual S t r e s ses  

~1 .  6 .  1 Discontinuity 

Sharp discontinuities shall  be avoided, where possible, in accord-  
ance with good design practice.  The effects of s t r e s s  concentration 
shall  be included by the use of appropriate s t r e s s  concentration 
fac tors  applied to g ross  member  s t r e s ses .  

4 . 6 . 2  Residual S t r e s ses  

Residual s t r e s s e s  due to fabrication operations, assembly o r  proof 
testing will be evaluated and their  effects added to the p r imary  
s t r e s s e s  where significant. 



Thermal Effects 

Consideration shall be given to deterioration of material properties 
and to s t resses  and deformation caused by temperature effects. 

# 4.8 Ground Handling and Transportation 

As sembly, handling and shipping loads shall be calculated. These 
loads shall generally be constrained such that launch and flight 
design requirements a r e  not exceeded. All cases where ground 
conditions control the design shall be identified. 

4. 8. 1 Damage Susceptibility 

Not withstanding the foregoing section, structural elements of the 
S /  C shall be designed so that they a r e  not extremely vulnerable to 
damage during normal handling. 

@ 5.0 DETERMINATION OF LOADS IN PRIMARY STRUCTURE 

5.1 General 

An iterative approach will be accomplished in the loads analysis, 
design and s t ress  analyses of the MJS77 SIC structure. Each step 
in this iterative process shall be based on the latest estimates of 
internal forces, applied loads, structural geometry and environ- 
mental conditions. Structural tests shall be performed during the 
design process to verify or to provide the bases for modification 
of analytical estimates of element strength, elastic characteristics, 
inertia distributions and stresses.  Tests  shall also be performed 
to provide assurance of structural adequacy in areas  for which an 
analyses are  impossible or impractical. 

A design goal shall be to eliminate structural elements o r  mass  
which do not effectively contribute toward meeting the flight 
requirements and constraints of the structure, 

5 . 2  Pr imarv  Structural Loads 

Bounds on Modal Loads 

Bounds on the flight loads shall be determined by a shock spectra 
and impedance method as  shown in JPL Technical Memoran- 
dum 33-694 .  In this method, the S/C and the LV are  each repre- 
sented by their normal modes. Spacecraft cantilever modes are  
paired with LV modes within a ten percent frequency range. The 
maximum S/C modal loads a re  determined by allowing an artificial 
shift of the two resonant frequencies to produce tuning between the 
modes. Shock spectra envelopes a re  used to normalize these 
modal loads. Shock spectra a re  obtained from S/C/LV interface 
accelerations from previous TitanICentaur flight data and loads 
analysis data. The relative impedance between the LV and S I C  



i s  used to determine a reduction factor of 0 .4  to 1. 0 to be applied 
to the shock spectra envelope. The modal member loads shall be 
determined fo r  a l l  possible reasonable pairings of modes. 

5.2.2 Limit Loads 

The total dynamic member loads shall be obtained by summing the 
modal loads by the root sum square technique, The quasi-static 
load shall  be added to the root mean square dynamic loads a s  
appropriate. 

Loading Conditions 

All potentially crit ical flight loading conditions shall be checked 
using the approach of paragraph 5.2.1. 

Such conditions include: 

a) Thrust  and maneuver loads. 

b) Preloads.  

c )  Staging and shutdown events. 

d) Aerodynamic loading conditions. 

STRUCTURAL ANALYSES 

Mathematical Models 

Detailed mathematical models of the SIC representing all  f r e -  
quencies below the highest frequency used for the interface reaction 
load shall be developed and updated. The mathematical model shall 
be modified to match test data a s  available. 

Level of Analvses 
- - 

Detailed s t r e s s  analyses shall be performed on pr imary structural  
elements. Where applicable, tests may be performed in  lieu of 
detailed analyses. 

STRUCTURAL TESTS 

General 

Structural tests  shall be conducted on the entire SIC and/or compo- 
nents as  appropriate to verify analysis and design concepts, and 
obtain strength confirmation. Structural qualification tests  shall  be 
used together with analytical results to qualify pr imary structural  - 
members.  



MJS77-3-190 

7 . 2  Development T e s t  Model (DTM) 

A DTM S I C  shal l  be constructed using flight-type s t ruc tura l  hard-  
ware  for  major  s t ruc tura l  elements and joints. Other elements may 
be mocked up to simulate the iner t ia l  proper t ies  and attachments of 
the actual e lements ,  provided that the e las t ic  propert ies  of elements 
affecting S I C  modes with high effective m a s s  and with frequencies 
below 100 Hz a r e  accurately represented.  

7 .3  Modal Survevs 

Modal survey tes t s  shal l  be run  to verify the analytical mode shapes,  
resonant  frequencies and modal damping used i n  the analysis. 

r 7 . 4  Structur  a1 Qualification 

Structural  qualification will be achieved through a combination of 
analysis and test .  Tes t  qualification of representat ive elements of 
p r i m a r y  s t ruc ture  will be accomplished through static testing 
and/or  high-level modal testing a t  the l imi t  load. Developmental 
testing a t  loads 25 percent  grea ter  than l imi t  load will demonstrate 
the ultimate capability of representative s t ruc tura l  elements. 

Load Limitation During Vibration Testing 

During mid-frequency vibration testing of the DTM, P T M  o r  flight 
S / C  consistent with M JS77-3-240, Environmental Design Require- 
ments,  loads in p r imary  s t ruc tura l  members  will be limited to  
those determined in paragraph 5.2. 

7.6 Assembly Level Structural  Testing 

Development tes t s  may be conducted, as appropriate,  on pr imary  
s t ruc tura l  elements a t  the assembly level to determine stiffness 
o r  modal charac ter i s t ics  o r  to ver ify s t rength character is t ics .  

NASA - JPL - Cornl, L.A., Calif. 
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No. MJS77-3-200A 
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Supe r sedes  
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26 F e b r u a r y  1975 

FUNCTIONAL REQUIREMENT 

MARINER JUPITERISATURN 1 977 

INERTIAL PROPERTIES 

* Denotes changes  f r o m  prev ious  i s sue  

1 . 0  SCOPE 

This  document  e s t ab l i she s  the functional  r equ i r emen t s  f o r  the des ign  
and de te rmina t ion  of the r ig id  body i ne r t i a l  ( m a s s )  p rope r t i e s  of the 
M a r i n e r  Jup i t e r ISa tu rn  1977 (MJS77) spacec r a f t .  

APPLICAB LE DOCUMENTS 

The following documents  f o r m  a p a r t  of th is  Funct ional  Requi rement :  

NOTE 

MJS77-3-100,  Spacecra f t  Requ i r emen t s  and Cons t ra in t s ,  
appl ies  t o  th is  document .  Requi rements  of o ther  MJS77 
level  3 documents  m a y  a l s o  be applicable.  It i s  the r e -  
sponsibi l i ty  of the u s e r  t o  adequate ly  acquaint  h imself  
with the organizat ion and per t inen t  content  of the level  3 
documents ,  a s  wel l  a s  with the  m a t e r i a l  contained he r e in .  

Page  1 of 12 

JPL 2600 3176 



FUNCTIONAL REQUIREMENTS 

J e t  P ropu ls  ion Labor a t o r  y 

MJS77-3-100 

OTHER DOCUMENTS 

J e t  P ropu ls ion  Labora to ry  

DRAWING 

J e t  P ropu ls ion  Labora to ry  

Funct ional  Requirement ,  Mar ine r  
Jup i te r  /Saturn  1977 Spacecra f t  
Requi rements  and Constra ints  

Functional  Requi rement ,  Mar ine r  
Jup i te r  /Saturn  1 977 Functional  
Accurac ies  and Sys t em Capabil i t ies 

Functional  Requi rement ,  Mar ine r  
Jup i te r  /Sa tu rn  1 977 Configuration 

Funct ional  Requi rement ,  Mar ine r  
Jup i te r  /Saturn  1 977 Equipment 
L i s t  and Mass  Allocation 

Mar ine r  Jup i te r /Sa tu rn  1977 
Spacecra f t /  Launch Vehicle Sys tem 
Requi rements  and Integration 

M a r i n e r  Jup i te r /Sa tu rn  1977 
Spacecra f t  Mechanical  Configuration 

3 .  0 DEFINITIONS 

Mass  P r o p e r t i e s  

The t e r m  " m a s s  p rope r t i e s "  includes m a s s ,  center-of  - m a s s  (CM), 
products  of ine r t i a  and moments  of ine r t i a .  

3 . 2  Spacecra f t  E lements  

3 . 2 . 1  Mis s ion Module 

Miss ion Module (MM) of the MJS77 spacec r a f t  includes a l l  subsys -  
t e m s  l i s ted  in Table  1 of MJS77-3-230, Equipment Lis t  and Mass  
al location.  See MJS77- 3- 180,  Configuration. 



3 . 2 . 2  Propuls ion  Module (PM)  

P M  of the MJS77 spacec r a f t  includes a l l  subsys t ems  l i s ted  in Table  2 
of MJS77-3-230. See  MJS77-3-180. 

* 3 . 2 . 3  Adapter  

Adapter  of the MJS77 spacec r a f t  includes  a l l  subsys t ems  l i s ted  in 
Table  3 of MJS77-3-230. 

3 . 2 . 4  Spacecra f t  

Spacecra f t  i s  the combined MM and P M .  

3 . 3  Spacecra f t  - Pre- In jec t ion  and Post - Inject ion 

3. 3 . 1  Pre - In jec t ion  Spacecra f t  Configuration 

The p re - in jec t ion  spacec r a f t  includes a l l  subsys t ems  of the MM and 
P M  in cluding the propel lant  and p r e s s u r a n t .  All deployable booms,  
and dev ices  a r e  in the stowed posit ions.  

3. 3 .2  Pre - In jec t ion  Configuration With Solid Motor Removed 

This  configuration includes a l l  the subsys t ems  de sc r i bed  in p a r a -  
g r aph  3. 3 .1  minus  the solid mo to r .  

* 3.  3. 3 Post - Inject ion Spacecra f t  Configuration 

The  post - in ject ion spacec r a f t  includes  a l l  subsys t ems  de sc r i bed  in 
pa r ag raph  3. 3 .1  with the exception of liquid propel lant ,  and solid 
propel lant  consumed du r  ing the injection phase .  

3 .4  P r e -  Je t t i son  Spacecra f t  

This  configuration i s  identical  t o  the configuration of p a r a g r a p h  3 .  3. 3 
except  the sc ience  boom and RTGs a r e  ful ly deployed. 

P o s t -  Je t t i son  Miss ion Module 

This  configuration i s  ident ica l  to  the configuration of pa r ag raph  3 . 4  
except  the burnout P M  has  been jet t isoned.  

3 . 6  C ru i s e  Miss ion Module 

3 .6 .  1 C ru i s e  Miss ion Module D r y  Configuration 

Cru i s e  MM d r y  configuration includes a l l  subsys t em ha rdware  of the 
MM but excluding a l l  liquid propel lant  and p r e s s u r a n t .  All deploy- 
able booms,  and devices  a r e  in the fully deployed posit ions.  



3 . 6 . 2  Cru i s e  Miss ion Module Configuration 

Cru i s e  MM configuration includes a l l  the subsys t ems  desc r ibed  in 
pa r ag raph  3. 6 .  1 plus a l l  the liquid propel lants  and p r e s s u r a n t s  
a f t e r  the nominal  P M  propel lant  usage .  

4 . 0  REQUIREMENTS 

* 4 . 1  Coordinate Sys tems  

a )  Spacecra f t  o r  the MM CM sha l l  be specif ied with r e f e r ence  
to d is tance  f r o m  spacec r a f t  axes  o r  MM axes  respec t ive ly  
a s  on the J P L  MJS77 Spacecra f t  Mechanical  Configuration 
Drawing 10070962 and defined in MJS77- 3-1 80. 

b )  All subsys t ems  CM sha l l  be specifed with r e f e r ence  to  
d i s tances  f r o m  the i r  r espec t ive  mounting in te r faces .  

c )  All moments  of i ne r t i a  and products  of i ne r t i a  ca lcula t ions ,  
and des ign specif icat ions fo r  the spacec r a f t  o r  MM sha l l  be 
de sc r i bed  with r e s p e c t  to axes  pa r a l l e l  to  spacec r a f t  o r  MM 
Car t e s i an  coordinate  s y s t e m s  with o r ig ins  a t  the spacec r a f t  
o r  MM CM respec t ive ly .  

Units 

All m a s s  p rope r t i e s ,  des ign speci f ica t ions  and measu remen t s  sha l l  
be specif ied and repor ted  in the International  Sys tem of Units (SI);  
the cor responding  U. S. Cus tomary  units  m a y  be specif ied in 
pa ren thes i s  following the SI  units .  

S I  Units (U. S. Cus tomary )  

a )  Mass  k i l og rams ,  kg (pounds,  lbm. ) 

b)  Center  - of - Mas s c e n t i m e t e r s ,  c m  ( inches ,  in. ) 
Location 

c )  Moments  of i ne r t i a  kg - m 
2 

and products  of 
i ne r t i a  

4 . 3  Design Requi rements  

4. 3 .1  Spacecra f t  Cen te r -o f -Mass  Values 

2 
(slug f t  ) 

4 .  3. 1 .  1 Launch Vehicle Requi rements .  The CM of the pre- in ject ion 
spacec r a f t  plus the adap te r  sha l l  be within the envelope defined 
on F igu re  1 .  



7.62 cm 
(3.0 in.) 

180.34 cm Field Jo in t :  
(71.0 in.) Top, Equipment 

Module, Centaur 
Sta.  2489.60lJPL 
Sta.  t108 .  50 

* F i g u r e  1 .  S p a c e c r a f t  P l u s  Adapter  Cen te r  -o f -Mass  Envelope - P r e -  Inject ion 
Conf igura t ion W i t h  All P r o p e l l a n t s  and P r e s s u r a n t s  



$ 4 .  3. 1 .  2 Spacecraf t  Requirement .  The CM of the pre- inject ion spacecra f t  
minus  the solid motor  sha l l  be within the  envelope defined i n  
MJS77- 3-1 70. However,  the location of the CM sha l l  be known 
within a cylinder of 0 .19 c m  (0. 075 in. ) 3 U rad ius  and *O. 51 c m  
(0. 2 0 in. ) 3 u length with cyl inder  para l l e l  to  Z axis .  

The solid rocke t  motor  t h ru s t  line shal l  be aligned through that  
CM a s  specified in MJS77-3-170, Functional  Accuracies  and 
Sys t em Capabil i t ies.  

* 4. 3.2 Moments of Iner t i a  and P roduc t s  of Iner t i a  Envelope Values 

Minimum and max imum values  of MJS77 spacecra f t  moments  of 
i ne r t i a  and products  of i ne r t i a  a r e  given in Table 1 fo r  var ious  
configurations.  F o r  spacecra f t  o r  subsys t em des igns ,  the calcu-  
lated values  sha l l  f a l l  within the ranges  of these  given min imum/  
maximum value s . 

4.4 Accuracy of Mass  P r o p e r t i e s  

4 . 4 . 1  Fl ight  Sys tem Mass  P r o p e r t i e s  

The requ i red  accurac ies  of s y s t e m  m a s s  p roper ty  calculations and 
measu remen t s  p r io r  to launch sha l l  be a s  indicated in Table 2. 

4 . 4 .2  Flight  Prope l lan t s  and P r e s s u r a n t s  Mass  P r o p e r t i e s  

The m a s s  measu remen t s  accu racy  fo r  , the  propellant  and p r e s s u r a n t  
a t  launch shal l  be a s  follows: 

a )  Hydrazine:  zk0. 5 percen t  

b) P r e s s u r a n t  m a s s :  i 2 . 0  percen t  

c )  Solid propellant  m a s s :  *2-114 kg (5. 00 lb) 

The liquid propellant  shal l  be a s sumed  to be se t t led  to the launch 
position and considered rigid for  CM calculation purposes .  

Fl ight  Subsystems Mass  P r o p e r t i e s  

The requ i red  accurac ies  of subsys t em m a s s  p roper ty  calculation 
and measu remen t s  shal l  be a s  indicated in Table 3. The calculated 
l imi t s  on the subsys tem CM location include i ts  location e r r o r  with 
r e s p e c t  to the spacecra f t  coordinates  a s  well a s  i t s  local  CM loca- 
t ion e r r o r  with r e spec t  to i t s  mounting in terface .  To avoid r i s k s  of 
damaging the flight hardware  during handling of the subsys tem,  only 
the m a s s  shal l  be measu red  (except fo r  the solid motor  which 
r equ i r e s  measu remen t  of CM also) .  Calculations of o ther  m a s s  
p roper t i es  shal l ,  where  applicable,  ut i l ize the r e su l t s  of m a s s  and 
CM measu remen t s  per formed  on s i m i l a r  developmental  t e s t  ha rd -  
wa re .  



Table 1 .  Design Requirements  - MJS77 Spacecraf t  and Subsystem Mass 
Moments of Iner t ia  and Mass Products  of Iner t ia  

Configuration 

MM + P M  
Max 

M in 
(SIC Pre-Inject ion)  

M in 
(S /C Post-Injection) 

MM + P M  
RTG and Science 
booms deployed 

Max 

Min 
(SIC P r e -  Jet t ison)  

MM 
RTG and Science 
booms deployed 

Max 

Min 
(MM Pos t -  Je t t ison)  

MM 
All booms deployed 

Max 

Min 
(MM Cru i se )  

Scan P la t fo rm 
Max 

Min 
(Elevation axis 
para l le l  t o  Y ax is )  

Moments of Inertia': 

I Mass  

Products  of Inertia:::: 
2 kg-rn2 (slug-ft  ) 

* About the CM of the given configuration. 
NA Not Applicablelno design requi rement  for  this condition. ** Products  of Iner t ia  a r e  absolute values and can be plus or  minus.  
*** This is  fo r  spacecraf t  only. F o r  actuator design this number  should 

not exceed 1 0  slug-ft2.  



* Table  2 .  M a s s  P rope r ty  Accuracy  f o r  Major  A s s e m b l i e s  

I '"ased on m e a s u r e d  s u b s y s t e m  m a s s  d a t a .  I 
I *li W/O High G a i n  Antenna (HGA), l iquid p r o p e l l a n t s  and p r e s s u r a n t s .  I 

It e  ni 

S p a c e c r a f t  
( P r e  - In jec t ion  
W/O Solid M o t o r )  

M ~ s s i o n  Module 
( P o s t -  J e t t i s o n  
and C r u i s e )  

S p a c e c r a f t  
Adapter  

TCAPU:::::::::(D~~), 
P r o p u l s i o n  Module 
( W / O  Solid M o t o r )  

Sol id-  P r o p e  l lant  
Motor  

.,..#, .!> 
,,.*.',.Trajectory c o r r e c t i o n / a t t i t u d e  p ropu l s ion  uni t .  

.., 4, d.... ,,. .,. ,,. .,. T C A P U  produc t  of i n e r t i a  not ca l cu l a t ed .  

Technique  

*Calcula ted  

.r, 4. , '-.,-Measured 

:FCalculated 

M e a s u r e d  

':'Calculated 

M e a s u r e d  

::'Calculated 

M e a s u r e d  

:;:Calculated 

Measured 

P r o d u c t s  
of I n e r t i a  

*8. 0  kg -n i2  

(6 .  0  s l u g - f t L )  

Not 
m e a s u r e d  

*8. 0 k g - r n L  

(6 .  0  slug-ft ' )  

Not 
m e a s u r e d  

Not 
ca l cu l a t ed  

Not 
m e a s u r e d  

i 8 .  0  k g - m 2  
.*, ,?. .., .r. .,. .,. .,, ,,. 

(6 .  0  s l u g - i t 2 )  

Not 
measured  

Not 
ca l cu l a t ed  

Not 
m e a s u r e d  

A c c u r a c y  

Momen t s  
of I n e r t i a  

*5% 

Not 
measured  

*5% 

Not 
m e a s u r e d  

Not 
ca l cu l a t ed  

Not 
m e a s u r e d  

*570 

Not 
measured  

*50/0 

Not 
m e a s u r e d  

M a s s  

+0. 25% 

*' kg 
(4 ,  40  I b )  

iO. 25% 

Not 
m e a s u r e d  

50. 570 

*0. 570 

i 0 .  25% 

*0.25% 

*0 .  2'70 

f 2 - 1 / 4  kg 
( 5 . 0 0  lb )  

Requ i r ed  

C e n t e r -  of - M a s s  

-10. 22 c m  (0 .  09 in. ) 

X and Y 

*0. 51 c m  ( 0 .  20  in .  ) Z 

i 0 .  19  c m  (0 .  075 in. ) 

Rad ius  in X - Y P l a n e  

Z not m e a s u r e d  

*O. 22 c m  (0. 09 in. ) 

X and Y only  

i 0 .  51 c m  (0 .  2 0  in. ) Z 

Not m e a s u r e d  

*0. 75  c n l  (0 .  30 in .  ) 

X and Y 

* I .  50 c m  ( 0 . 6 0  in.  ) Z 

Not m e a s u r e d  

i 0 .  22 c m  (0 .  09 in. ) 

X and Y 

+0. 51 c m  (0 .  20 in .  ) Z 

*0. 19  c m  (0 .  075 in. ) 

Rad ius  in X - Y P l a n e  

Z not m e a s u r e d  

i .  04 c m  (0 .  017 in. ) 

X and Y 

i 1 .  78 c m  (0 .  70  in. ) Z 

+O. 04 c m  (0 .  01 7  in.  ) 

and Y 

*I. 78 c m  (0 .  70  in. ) Z 



MJS77-3-200A 

# Table 3.  Mass  P rope r ty  Accuracy fo r  Subsystems 

::The measured  m a s s  accuracy  i s  *O. 01 kg (0.02 lb) for  identifiable i tems pe r  
the MJS77-3-230 of 4 kg (8.82 lb) o r  l e s s .  

I tem 

Subsystems 
in o r  about 
Mission 
Module Bus 

High Gain 
Antenna, 
Scan Pla t -  
f o r m  Science 
Experiments 

Magnetometer 
Boom 

Radioisotope 
Thermo-  
e lec t r ic  
Generators  

:k:kValues shown are total  CM uncertainty allowable. (See paragraphs 5. 5 
and 5 .6  fo r  location accuracy required of Subsystem Cognizant Engineers ,  
Spacec raf t Structure Cognizant Engineers,  respectively).  

Technique 

Calculated 

Measured 

Calculated 

b 

Measured 

Calculated 

Measured 

Calculated 

Measured 

Mass* 

*5.. 0% 

*O. 170 

25. 0% 

*O. 1% 

*5.0% 

*O. 270 

*2.0% 

*0.2% 

Required 

Center-of-Mass** 

r0 .25  c m  (0.10 in. ) 

Not measured  

*1. 02 c m  (0.40 in. ) 
X and Y 
* 2 .  04 cm 
(0.80 in. ) Z 

*0. 34 c m  (0.17 in . )  
Radius in X-Y Plane 

Not measured 
(HGA only) 

* 5 . 0 8 c m ( 2 . 0 i n . )  
when extended 

Not measured  

*1.02 c m  (0.4 in.) 
X and Y 
12. 04 cm 
(0.8 in.)  Z 

*O.34 c m  (0.17 in . )  
X, and 

Accuracy 

Moments 
of Inertia 

Not 
calculated 

Not 
measured  

*5 % 
(HGA only) 

Not 
measured  

*570 

Not 
measured  

*570 

Not 
measured  

Products  
of Iner t ia  

Not 

Not 
measured  

Not 
calculated 

Not 
measured  

Not 
calculated 

Not 
measured  

Not 
calculated 

Not 
measured  



5 .0  MASS PROPERTIES DETERMINATION 

5.1 Calculation of System and Subsystem Mass Proper t ies  

All system m a s s  propert ies  of the MM and of the spacecraft  shall  
be calculated for the configurations indicated in paragraphs 3. 2 ,  3 .  3,  
3 .  4, 3.  5 and 3, 6. The calculations of subsystem m a s s  propert ies  
for  the RTGs, and the calculations of mass  and CM values for each 
subsystem and of spatially separated subassemblies shall  be made. 
All s ize and coordinate location dimensions used in the calculations 
shal l  be consistent with MJS77 subassembly and assembly drawings. 

Measurement and Maintenance of Flight Hardware Mass Values 

The m a s s  and two axes ( X  and Y )  CM of the PM l e s s  solid rocket- 
motor ,  the TCAPU assembly l e s s  liquid propellants and p res su r  - 
ants  and the spacecraf t  in the pre-injection configuration l e s s  
liquid propellants, p ressurants  and solid rocket motor shall  be 
measured  by Division 35 personnel under the direction of the 
Mass  Proper t ies  Engineer. All subsystem m a s s e s  (to the level  
identified in Tables 1 through 3 of MJS77-3-230) shall  be 
measured  by the responsible Subsystem Cognizant Engineer 
pr ior  to  delivery to Spacecraft  Assembly Facili ty (SAF). 

A complete m a s s  and CM inventory of a l l  spacecraf t  subsystem 
and sys tem hardware shall  be maintained by SAF personnel 
subsequent to the hardware delivery to SAF. 

5.3 Mass  Proper ty  Verification 

The calculated and measured  values of m a s s  propert ies  of the 
i tems specified in Tables 1 and 2 shall  be within the accuracy 
stated. 

S / C  modifications subsequent to flight S / C m a s s  propert ies  
verification testing may  necessitate reverification of m a s s  
propert ies .  It shal l  be the responsiblity of the Mass  Proper t ies  
Engineer to evaluate the need fo r  reverification of m a s s  prop- 
e r t i e s  subsequent to S / C  modifications. 

5 .4  Accuracy of Determination Techniques 

The degree of accuracy involved in m a s s  propert ies  determina- 
tions shal l  be sufficient to satisfy: 

a )  The requirements  of paragraph 4.4. 

b) Accountability of a l l  elements of the spacecraf t  and adapter. 



5 . 5  Responsibility for Determination of Subsystem Mass Proper t ies  

The cognizant engineer of each  subsystem shall  be responsible for 
obtaining the m a s s  propert ies  of the subsystem under his cognizanc:e. 
He shall  a s su re  that calculations and measurements  of the m a s s  
propert ies  of all  components and pa r t s  of the subsystem have been 
obtained as  specified in paragraph 4 . 4  and the resultant data i s  
disseminated a s  in paragraph 5 .7 .  Total m a s s  of each subsystem 
shal l  not exceed that allocated in MJS77-3-2 30. 

The subsystem local CM locations shall  be specified by the Subsystem 
Cognizant Engineers with respect  to the individual mounting inter-  
faces .  The local CM location accuracy of a l l  subsystems shall  be 
a s  follows: 

a )  F o r  the RTGs, HGA and a l l  subsystems on the scan  platform 

< 60 percent of the value shown in Table 3. - 

b) F o r  all  other subsystems 

< 80 percent of the value shown in Table 3.  - 

5.6  Responsibility for  Subsystem Interface Locations 

The Division 35 Spacecraft  Structure Cognizant Engineers  shal l  be 
responsible for  the determination of interface locations of a l l  
subsystems relative to the spacecraf t  sys tem coordinates,  and to 
the accuracy a s  follows: 

a )  F o r  the RTG and al l  subsystems on the scan platform 

< 40  percent of the values shown in Table 3 .  - 
b) All other subsystems 

< 2 0  percent of the values shown in Table 3. - 

5 .7  Reporting of Mass  Proper t ies  

Generation of the subsystem m a s s  property information (by calcula-  
tion and/or  measurements )  a t  the components and pa r t s  level  below 
the identifiable subsystems in  M JS77-3 -230 shal l  be the responsi- 
bility of the appropriate subsystem cognizant engineers.  It sha l l  be 
reported by the cognizant engineers periodically a f te r  review by 
System Mass specialists,  a s  changes occur  and upon request,  to the 
Division 35 Mass  P rope r ty  Engineer.  The Division 35 MJS77 m a s s  
property engineer will p repare  and maintain the equipment m a s s  list. 
The m a s s  propert ies  of the spacecraf t  sys tem shal l  be prepared,  
maintained and the information shal l  be released by the Division 35 
Mass  P rope r ty  Engineer based on the data received. The MJS77 
System Engineer will publish the f o r m a l  project m a s s  list and mass  
propert ies  reports .  
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4-3 FUNCTIONAL REQUIREMENT AMENDMENT 

DESIGN CRITERIA FOR 

SPACECRAFT TEMPERATURE CONTROL 

I ( In se r t  in Book 6 18- 205, MJS77 Functional Requirements Book) 

PAGE 1 OF 6 
DATE: 5 August 1977 

TITLE: 

MARINER JUPITER/SATURN 1977 

1 PER ECR No. See Remarks  

DESCRIPTION OF CHANGE: 

- - 

, FR NO. MJS77- 3-2 1 OA 

I AMENDMENT NO. 3 

Revise  the following tables per  the attached changes: 

1)  Table 1, page 6, Spacecraf t  Tempera ture  Control  Requirements  

2 )  Table 3, page 12, Spacecraft  Orientation Constraints 

3) Table 4, page 16, RHU Requirements  

DISTRIBUTION: 

Lis t  197 

REMARKS: 

1. ECRs 36908 and 36912 incorporate changes to Table 1 .  
2 .  ECRs 36595 and 36634 incorporate changes to Table 3. 
3. ECR 36922 incorporates  change to Table 4. 

APPROVED: 

TDT. 3m.n I i i L n \  



WAS: 

WAS: I 

MJS77-3-210A, Amend 3 

Rev i se  Table  1 ,  page 6 ,  a s  fol lows:  

A s s e m b l y  
-- - - 

MAG L F M  S e n s o r s  

MAG L F M  S e n s o r s  

MAG Boom 

Pinpu l le r  s / Latch  

Deployment R a t e  
L i m i t e r  

D a m p e r s  

P inpu l le r  s 

L a t c h  

Deployment R a t e  
L i m i t e r  

D a m p e r s  

Allowable 
Long T e r m  

Range 
( > 4  H r s )  

Operat ing Range ( " C )  

Allowable 
S h o r t  T e r m  

Range 
(< 4 H r s )  

Non-Operat ing Range ( " C )  

Allowable 
Long T e r m  

Range 
(> 4 H r s )  

Allowable 
Shor t  T e r m  

Range 
( t 4  H r s )  



MJS77-3-210A, Amend 3 

Revise  Table 3, page 12, a s  follows: 

Table 3. Spacecra f t  Orientat ion Cons t ra in t s  

WAS: - 

IS : - 

WAS: 

IS : - 

Operat ional  
Mode 

4 )  T r a j e c t o r y  
Cor rec t ion  
Maneuver 
(TCM) 

4 )  T r a j e c t o r y  
Cor rec t ion  
Maneuver 
(TCM) 

6 )  Science 
Cal ibra t ion 
Ta rge t  
Maneuver  

6 )  Science 
Cal ibra t ion 
Ta rge t  
Maneuver 

Applica- 
bility 
(AU) 

1 .  0 to  2 .  0 

1 .  0  to  2 0 

1. 5 to  2.  0 

1 . 5  to  2 . 0  

Max. Allowable 
Off - Sun 
Duration 

1 .  0 hr  x ( A U ) ~  
plus Duration of 
P i t ch  Tu rns  

1 .  0  h r  x ( A U ) ~  
plus Duration of 
P i t c i  Tu rns  

Same a s  TCM 

Same  a s  TCM 

Orientat ion Constra int  

Tu rns  m u s t  be ROLL 
( -  360" r R  5 360") .  Then NEG- 
ATIVE POLARITY P ITCH 
( -  180" 5 P r  0), then r eacqu i r e .  

Wind t u rn s  m u s t  be ROLL 
(!R) z36O0) ,  then NEGATIVE 
PITCH ( -180" '- P 5 0°) ,  then  
R O L L  ( / R ]  5 360") ending with 
the Sun in the +Y half of the 
Y / Z  plane.  Unwind t u rn s  
m u s t  be the  complement  of 
the wind t u rn s .  

Same  a s  TCM except  a f 10 O 

Po s t -P i t ch  Roll  t u rn  i s  
al lowed. 

Same a s  TCM except  a * l o 0  
Roll  t u r n  a f te r  the Wind Turn  
sequence is allowed. 



MJS77-3-210A, Amend 3 

WAS: 

ADD: 

Table 3.  Spacecra f t  Or ienta t ion Cons t ra in t s  (contd) 

- - 
I 

Operat ional  
Mode 

7 )  Sun 
Reacqu is i -  
tion 
Maneuve r  

7)  Sun 
Reacqu is i -  
tion 
Maneuver  

8 )  B r e w s t e r  
P l a t e  
Cal ibra t ion 
Maneuver  

Applica- 
bility 
(AU) 

1 . 0  to 3 . 0  

l . O t o 3 . 0  

1 .  0 to 2 .  0 

Max.  Allowable 
Off -Sun 
Duration 

3.  5 hours  

3 . 5 h o u r s  

S a m e  a s  TCM 

Orienta t ion Cons t ra in t  

T u r n  sequence m u s t  begin 
with a YAW turn  and c o n s i s t  
of a l t e r n a t e  YAW/PITCH 
t u r n s  where  Y = *360° and 
P = *72" (a l l  P I T C H  t u r n s  
m u s t  be of the s a m e  polar i ty) .  
P a u s e  p e r i o d s  between t u r n s  
m u s t  be m i n i m i z e d .  

Note: 5 YAW/4 P I T C H  t u r n s  
will  provide 4 -rr s t e r a -  
d ian  c o v e r a g e  f o r  t h e  
Sun S e n s o r .  

T u r n  sequence m u s t  begin 
with a P I T C H  t u r n  and c o n s i s t  
of a l t e r n a t e  PITCH/  YAW 
t u r n s  where  P = *360° and 
Y = *72" (a l l  YAW t u r n s  m u s t  
be of the s a m e  po la r i ty ) .  
P a u s e  pe r iods  between t u r n s  
m u s t  be m i n i m i z e d .  

Note: 5 PITCH/4  YAW t u r n s  
will  provide  4 .rr s t e r a -  , 
dian c o v e r a g e  f o r  the  
Sun S e n s o r .  I 

S a m e  a s  TCM. 



MJS77-3-210A, Amend 3 

Table 3 .  Spacecraf t  Orientation Constraints  (contd) 

WAS: 

IS : - 

WAS: 

IS : - 

ADD: - 

General  Constraints 

1 )  Maneuvers 4 ,  5,  and 6 above sha l l  a l l  be initiated f r o m  a sun-oriented* 
configuration. 

1 )  Maneuver 5 above sha l l  be initiated f r o m  a sun-oriented* configuration. 
Maneuvers 4 ,  6, and 8 above sha l l  be initiated f r o m  a Near Sun- 
oriented** configuration. 

2 )  S / C  tempera tures  . . . initiating maneuvers  4,  5,  o r  6 .  

2 )  S /C  t empera tu re s  . . . initiating maneuvers  4,  5, 6,  or  8. 
- 

** "Near Sun-oriented" denotes the Sun lying within 18 degrees  of the 
SIC - Z  axis .  



WAS: 

IS : - 
WAS: 

IS : - 

MJS77-3- ZlOA, Amend 3 

Revise  Table 4 ,  page 16, a s  follows: 

Table 4 .  RHU Requi rements  

t 

RHU Location 

Magnetometer Boom Dampers  

Magnetometer Boom Damper s  

Quantity Required 

6 

4 

Total  26 

Total  24 



-4-9 FUNCTIONAL REQUIREMENT AMENDMENT 
4 ( Inse r t  in 61 8-205 M JS77 Functional Requirements  Book) 

TITLE: I 

I FR No. MJS77-3-210A 

MARINER JUPITERISATURN 1977 

DESIGN CRITERIA FOR 

SPACECRAFT TEMPERATURE CONTROL 

AMENDMENT No. 1 

PAGE OF 2 

DATE: 7 April  1977 

1 PER ECR No. See Remarks  

DESCRIPTION OF CHANGE: 

Revise Table 1, pages 6 and 7, a s  follows: 

Page  6 

WAS : - 

IS: - 

Page  7 

WAS : - 

IS: - 

1 

DISTRIBUTION: 

Lis t  197 

As sembly 

PLS - 
*Sensor 

PLS - 
*Sensor 

*Sun Sensor  

*Sun Sensor  

REMARKS: ECRs 36546 and 36677 incorporate changes to Table 1. 

ECRs 36583, 3667 and 36681 incorporate c 
to Table 4.  $ 0 ~  fp v \ '  

A P P U  -&,@? 
cr \ 

Operating Range, "C 
t 

Allowable 
Long T e r m  

Range 
(> 4 h r s )  

-160180 

-170180 

-5140 

-7135 

v 

Allowable 
Short  T e r m  

Range 
(< 4 h r s )  

-160180 

-170180 

-5140 

-7135 

Non-operating Range, "C 

Allowable 
Long T e r m  

Range 
(>  4 h r s )  

-160180 

-170180 

-5140 

-7135 

Allowable 
Short  T e r m  

Range 
(< 4 h r s )  

-160180 

-170180 

-5140 

-7135 



# Table 4. RHU* Requirements 

Amendment No. 1 
Page 2 of 2 

RHU Location 

Outboard Low Field Magnetometer Sensor 
(OBLFM) 

Inboard Low Field Magnetometer Sensor 
(IBLFM) 

Outboard High Field Magnetometer Sensor 
(OBHFM) 

Inboard High Field Magnetometer Sensor 
(IBHFM) 

Magnetometer Boom Dampers  

Sun Sensor 

AP Pitch Thrus ter  Bracket  

:$Radioisotope Heater Units 
1.  0 thermal  watts each at  EOM. 

Quantity Required 

3 

3 

6 

6 

4 

Total 26  



( Inser t  in 618-205, MJS77 Functional APPROVED: n 

Requirements Book) 

Custodian: R .  Becker 

JET PROPULSION LABORATORY 

NO. MJS77-3-210A 
11 November 1976 

Supersedes 
MJS77-3-210 
18 Apri l  1975 

FUNCTIONAL REQUIREMENT 

MARINER JUPITER /SATURN 1977 

DESIGN CRITERIA FOR SPACECRAFT TEMPERATURE CONTROL 

2:~  Denote Changes f r o m  previous issue.  

1.0 SCOPE 

This document contains design c r i t e r i a  and requirements  to  be 
used for the tempera ture  control of the Mariner  Jupi ter /Saturn 
1977 (MJS77) spacecraf t  system. The provisions of this docu- 
ment apply to  spacecraf t  e lements  down to the electronic sub- 
assembly level, but do not apply a t  the electronic component and 
circui t  board level. 

This  document specifies the allowable temperature ranges for  
spacecraf t  equipment and the conditions under which these ranges 
must  be maintained by the spacecraf t  system thermal  design. In 
turn,  the design requirements  and constraints necessary  for  the 
implementation of this tempera ture  control a r e  specified herein.  
These c r i t e r i a  apply to all  spacecraf t  subsystems, since every 
subsystem contains some of the thermal  design features  used to 
effect tempera ture  control. These temperature control require-  
ments and constraints  a r e  associated with the flight equipment 
environments. Temperature l imi t s  specified a r e  not F A  o r  T A  
l imits ,  but a r e  related to their  derivation. 

Page 1 of 17 



APPLICABLE DOCUMENTS 

The following documents form a par t  of this Functional 
Requirement. 

NOTE 

M JS77-3- 100, Spacecraft Requirements and Constraints,  
applies to this document. Requirements of other MJS77 
level 3 documents may also be applicable. It i s  the 
responsibility of the u s e r  to adequately acquaint himself  
with the organization and pertinent content of the level 3 
documents, a s  well a s  with the mater ia l  contained 
herein.  

REQUIREMENTS 

Jet P r o ~ u l s i o n  Laboratory 

MJS77-2-100 Mariner  Jupi terISaturn 1977 
Spacecraft  Design Cr i te r ia  

MJS77-3-100 Functional Requirement, Mariner  
Jupi ter  /Saturn 1977 Spacecraft 
Requirements and Constraints 

MJS77-3-120 Functional Requirement, Mariner  
Jupi ter  /Saturn 1977 Spacecraft  
Flight Sequence Implementation 

OTHER DOCUMENTS 

Functional Requirement, Mariner  
Jupiter / Saturn 1 977 Flight Equip- 
ment  Configuration 

Functional Requirement, Mariner  
Jupi terISaturn 1977 Flight Electronic 
Equipment Design 

Functional Requirement, Mariner  
JupiterISaturn 1977 Environmental 
Design Requirements 

Functional Requirement, Mariner  
JupiterISaturn 1977 Power Profi le  
and Allocation 

J e t  Propulsion Laboratory 

P D  618-228 Mariner  Jupi terISaturn 1977, 
Spacecraft  System Environmental 
P r o g r a m  Policy and Requirements 



PI3 618-262 Functional Requirements, Mariner  
Jupiter /Saturn 1977 Magnetics Con- 
t ro l  Requirements Document 

DESIGN CRITERIA 

Duration 

Provisions shall  be made to maintain temperature control for  
all  spacecraft  assemblies  during ground tes t  operations and for  
the duration of the mission as  specified in  MJS77-2 - 100, Space - 
craf t  Design Cr i te r ia .  P r i o r  to launch, the burden of maintain- 
ing temperature control shall  be on the Support Equipment (SE) 
and ground handling procedures and not on the spacecraft .  

Environment 

Ground 

The SE and ground handling procedures  shall  be capable of 
maintaining prelaunch temperatures  within the l imits specified 
f o r  ground operations under the environmental conditions given 
in MJS77 - 3  -240, Environmental Design Requirements.  

Flight 

The system thermal  design shall be capable of maintaining flight 
tempera tures  withinthe l imits  specified in Table 1 for  ae ro -  
dynamic, planetary and solar  heat  inputs a t  mission ext remes ,  
including uncertainties.  

System Type Approval Test  

The sys t em thermal  design shall  be  capable of maintaining so lar -  
thermal-vacuum tes t  temperatures  within assembly type approval 
tes t  ranges fo r  the environmental design levels given in MJS77- 
3- 240. These environments are not expected in flight, but may 
be experienced during system-level  solar- thermal-vacuum 
testing. 

Spacecraft  Conditions 

Spacecraft  Power State 

The spacecraf t  power s ta tes  under which temperature control i s  
to be maintained a r e  given in MJS77-3-250, Power Profi le  and 
Allocation. Temperature control provisions a r e  not required for  
power s tates  other than those listed, even though spacecraf t  
logic permi ts  the attainment of such s tates .  Control shall be 
maintained for the actual power dissipation of the flight equip- 
ment, which may differ  f rom the levels given in M JS77-3-250 
due to variations in  duty cycle o r  estimation uncertainties. 



Table 1. Spacecraft  Temperature Control Requirements (sheet 1 of 4) 

Assembly  

Bus - 
EA I RFS  (XMit te r )  

EA 2 DSS 

EA 3 CCS 

EA 4 FDS 

EA 5 HYPACE 

EA 6 DRIRU 

EA 7 PWR 

EA 8 PSU 

EA 9 RFS (XPonder)  

US0 

';EA 10 MDSIMAG 

Canopus T r a c k e r s  

Sun Detec tors  

PRA Elec t ronics  

*PRA Antenna Deploy 
Mechanism 

* B rews t e r  P l a t e  

PWS Elec t ronics  

"Fuse  Bleed Res i s t o r  

Assembl ies  

0.2-Lbf T h r u s t e r  
Mounting Bracket  

::'PROP Tank 

"PROP Tank Gradient  

PROP Dist .  Sys t em 

Tubing,  F i t t ings .  
Valves and IPU 
F i l t e r  

PCA and Latch 
Valves 

: Hydrazine Discon- 
nect  and Compli-  
ance  Volume Lines 

Operating 

Allowable 
Long T e r m  

Range (>4  H r s )  

5 /50  

10140 

12 /43  

5 /50  

12/43 

5 /50  

5 /50  

5 /50  

5/50 

5 /47  

5 /50  

-5140 

-135150 

5 /50  

5 /40  

-135160 

5/50 

-5160 

13150 

10138 

< 2 

10138 

10138 

N /A 

Range,  O C  

Allowable 
Shor t  T e r m  

Range (<4  H r s )  

5 /50  

10140 

12/43  

5 /50  

12/43 

5 /50  

5 /50  

5 /50  

5 /50  

5 /47  

5 /50  

-5140 

-135150 

5 /50  

5 /40  

-135160 

5 /50  

-5160 

13/50 

10138 
(35138) 

< 2  (<5) 

10155 

10138 

10140 

Allowable 
Long T e r m  

Range (>4  H r s )  

5 /50  

101'40 

12/43  

5 /50  

12/43  

5 /50  

N /A  

5 /50  

5 /50  

5 /50  

5 /50  

-5140 

-135150 

5 /50  

5 /40  

-135160 

5 /50  

-5160 

13/50  

10138 

N /A 

10140 

Maximum Allowable 
T e m p e r a t u r e s  
During Ground 

Opera t ions  in A i r ,  O C  

5 5 

45 

45 

45 

45 

5 0 

5 5 

5 0 

4 5 

50 

4 5 

4 5 

45 

5 0 

4 5 

45 

50 

4 5 

5 5 

45 D r y ,  38 Serviced 

55 

4 5 

4 5 

P r e f e r r e d  
Range 

18/35 

10135 

10120 

5 /25  

10130 

>I 6 

: 2 

Notes 

I 

1 

I 

I 

1  

I  

1 

1 1  

1 

I  

2 

5 

2 

3 

3 

2 

3 

4 

13. 14 

15, 14 

6 

6 

6 

Ncn-Operating Range ,  OC 

Allowable 
Shor t  T e r m  

Range (<4 H r s )  

5 /50  

10140 

5 /43  

5 /50  

12 /43  

5 /50  

N /A  

5 / 5 0  

5 /50  

5 /50  

5 /50  

-5140 

-135150 

5 /50  

5 /40  

-135160 

5 /50  

-5160 

13 /50  

10155 

N /A  

10145 

P r e f e r r e d  
Range 

15 /43  

>I 6 



Cn 

* Table 1 .  Spacecraft  Temperature Control Requirements (sheet 2 of 4) 

Assembly  

TVC Engines (5 and 
100-Lbf)  

"'Reactor 

'"alvc 

" : P r e s s u r e  T r a n s d u c e r  

Solid Rocket  Mtr  

' G r a i n  (Bulk)  

C a s c  ( L a t e r a l  Grad .  ) 

C a s e  (Axial Grad .  ) 

::'Safe & A r n i  A s s y .  

Propuls ion  Module 
(Except I P U )  and 
Adapte r  

: Bat te ry  

:: Remote  D r i v e r  
Module 

:::Scan P la t fo rn l  

La tch  A s s y  

':' Low Shock 

Release  Nuts 

:::Si~pc,r Z ip  and 
D e t o n a t < ~ r s  

:L RTG Booin 

P i n p u l l e r s  

: ~ A c c e l c r o r n c t c ~ r s  

:::Accelcr<)mc.tcr 
A m p l i f i e r s  

S q u i l ~ s  

::: P M I T V C  D a m p e r s  

Scan P l a t f ~ ~ r m  

ISS Vidicons 

ISS Elec t ron ics  

NA Optics  Grad ien t  
Axial  
Ci rcuni fc r rn t ia l  

Allowable 
' Long T e r m  

Range  (>4  H r s )  

N / A  

N / A  

N/A 

N /A 

N /A 

NIA 

N/A 

NIA 

N /A 

N /A 

N / A  

N /A 

iY 'A 

N /A 

N / A  

N/A 

N / A  

-10130 

-5140 

<5  
-3 

Opera t ing  Range.  OC 

Allowable 
Shor t  T e r m  

Range (<4 H r s )  

IO/N/A 

10171 

10175 

10132 

< 3  

< I 1  

10132 

20145 

5 / 5 0  

5 / 5 0  

- 71 70 

-40180 

-48168 

-15150 

5 / 5 0  

- 105/70 

0135 

-10130 

-5140 

; 5  
-- 3 

Allowable 
Long T e r m  

Range  ( > 4  H r s )  

N / A  

N /A 

N /A 

N I A  

NIA 

N/A 

N/A 

N/A 

NIA 

N/A 

N / A  

N /A 

NIA 

N /A 

NIA 

N/ A 

N / A  

-10130 

- 5 / 4 0  

20 
10 

M a x i m u m  Allowable 
T e m p e r a t u r e s  

Dur ing  Ground  
O p e r a t i o n s  i n  A i r .  O C  

50 

50 

5  o 

32 

32 

45 

40 

45 

4  5  

4 5  

4  5  

45 

4  5  

4  5  

45 

35 

4  5  

10 
10 

Preferred 
Range 

20130 

0  

< 3  

15 /25  

25 /30  

; 5  
-3 

Notes  

6, 7  

6, 7, 9  

6, 7  

6, 9  

8 .  9  

8. 9  

6. 9  

3 . 9  

3 . 9  

3 . 9  

3 . 9  

6. 9  

6 . 9  

3  

3  

3 . 9  
1 

3 . 9  

5  

2 

10 
I I 

Non-Operat ing R a n g e ,  

Allowable 
S h o r t  T e r m  

Range ( < 4  H ~ ~ )  

IO/N/A 

101110 

10175 

N/ A 

NIA 

N/A 

N/A 

N/A 

NIA 

N /A 

N/A 

-15150 

5 / 5 0  

N/A 

N/A 

- 1 0 / 3 0  

-5140 

20 
10 

OC 

Preferred 
Range  

2 0 
10 



Table 1. Spacecraft Temperature Control Requirements (sheet 3 of 4) 

Opera t ing  Range .  OC 

I 1 

[RIS E l e c t r o n i c s  

Assen lb ly  

'"IRIS Optics  

"'MIRIS E l e c t r o n i c s  

Allowable 
Long T e r m  

Range (>4  H r s )  

'"IRIS Optics  

P P S  

;I; UVS 

Scan Actua tors  

Allowable 
S h o r t  T e r m  

Range ( < 4  H r s )  

'XAz Tube  Cable  

p ~ ~ ~ ~ ~ c d  

Iso la ted  Sc ience  
and Appendages 

LECP 
LEMPA 

Electronics and 
Motor 

CRS - 
E l e c t r o n i c s .  H E T s  
and T E T  

: LETs  

1 Allowable 
Long T e r m  

R a n g e  ( > 4  Hr6 

':' Sensor  

: E l e c t r o n i c s  

'PRA Antennas 

':MAG L F M  S e n s o r s  

MAG HFM S e n s o r s  

'"Mag Boom 

P i n p u l l e r s i  La tch  

: Deployment Rate 
L i m i t e r  

:" D a m p e r s  

::: Cable 

:: A s t r o m a s t  

e r a t i n g  Range ,  OC M a x i m u m  Allowable 

Allowable 
T e m p e r a t u r e s  

S h o r t  T e r m  Preferred Dur ing  Ground 
Range ( <  

Range 1 Opera t ions  in A i r ,  OC 

-160180 

-10135 

-2001150 

-15145 

-40140 

-25125 

-48168 

-15130 

Oi20 

-25150 

-25150 

-160180 

-10 /35  

-2001150 

-15145 

-40140 

-25125 

-48168 

-15130 

0120 

-25150 

-25150 



q Table 1. Spacecraft Temperature Control Requirements (sheet 4 of 4) 

4 

A s s e m b l y  

"RTG & Sci  Boom 

Deploy Mech.  

'"TG C r u i s e  D a m p e r  

RTG - 
Axial  AT 

" Axial  Grad ien t  
(ATI in .  ) 

" R a d i a l ~ T  

Radial  Grad ien t  
(ATl in .  ) 

* Fin  (Tip  to Root) 

*Sun S e n s o r  

"Shunt Radia tor  
and S c i  C a l  T a r g e t  

S /X Antenna 

" S-Band F e e d  and 
LG A 

'"tructure (excep t  
FSS mounting 
P l a t e )  

':' FSS Mounting 
P l a t e  

Opera t ing  

Allowable 
Long T e r m  

Range  ( > 4  H r s )  

N /A 

0130 

< 270 

8 9 

17  

<56 

< 6 

17 

-5140 

-160/130  

-200175 

-20011 25 
(-200182) 

-200/125 

Range ,  OC 

Allowable 
S h o r t  T e r m  

Range  ( < 4  H r s )  

-18141 

0130 

<280 

8 9  

17 

<56 

< 6 

17 

-5140 

-160/130  

-200175 

-200/125  
(-200182) 

-2001125 

Non-Opera t ing  

Allowable 
Long T e r m  

Range  (>4  H r s )  

-195150 

N /A 

N I A  

NIA 

N / A  

NIA 

N I A  

NIA 

-5140 

N/A 

-200175 

N / A  

N / A  

. M a x i m u m  Allowable 
T e m p e r a t u r e s  
Dur ing  Ground 

O p e r a t i o n s  In A i r ,  OC 

4 5  

280 

50 

0 0 

65 

65 

6 5 

Preferred 
Range 

<270 

Range ,  'C 

Allowable 
S h o r t  T e r m  

R~~~~ (<4 H ~ ~ )  

-195150 

NIA 

N I A  

NIA 

NIA 

NJ A 

NIA 

N / A  

-5140 

N / A  

-200175 

N / A  

N / A  

Notes 

3 . 9  

3 

1 

8 .  I 6  

16 

8 ,  16 

16 

8 ,  I6 

5 

3 

6 

6 .  12 

6 



2& Table 1 Notes 

These  notes a r e  used in conjunction with Table 1. 

1)  Average Shear plate o r  radiating surface temperature.  

2 )  Average electronics chassis  temperature.  

3) Bulkaverage  temperature.  

4) Mounting pad temperature.  

5)  Detector temperature.  

:$ 6) Temperature range not to be exceeded a t  any point on assembly. In the 
c a s e  of the propellant lines to the TCAPU thrus ters ,  this applies up 
to the propellant inlet adapter. In the case  of the A Z  Tube Cable, this 
applies to the flexing portion only. 

7) Subsystem Design Agency responsible for meeting requirement.  

8) Temperature difference between any two points on the exter ior  surface 
of the assembly. 

:$ 9 )  Operating limits apply only f rom launch through deployment, ignition, 
actuation, or initiation of function. 

:$lo) Temperature difference between the flight temperature t ransducer  loca- 
tions pn the optics housing. 

1 Temperature difference between any two points on a single optical 
element. 

1 2  Limits in parentheses apply only during acceleration (powered flight). 

3 Average tank wall temperature on the liquid side. 

1 4 )  Limits in parentheses apply only a t  initiation of I P U  operation. 

1 5 )  Difference between the average tank wall temperatures  on the liquid 
side and on the gas side. 

6 Limits apply only a t  Liftoff. 



MJS77-3-210A 

Table 1 Definitions 

The definitions specified in Table 1 a r e  defined herein: 

1 )  Operating Range: Powered and Functioning. In the case  of the Propulsion 
Assembl ies ,  operating is defined a s  functioning during a period of engine 
operation, even though the actual engine f i r ings may be intermittent.  

2 )  Non-Operating Range: Unpowered. If any assembly  i s  to function follow- 
ing a non-operating condition, a tempera ture  within the Operating Range 
m u s t  be obtained p r io r  to initiating operation. 

3) Allowable Long T e r m  Range: The maximum tempera ture  range accept- 
able for  a l l  pa r t s  of the miss ion  except t ransients  of l e s s  than four hours .  

4) Allowable Short  T e r m  Range: The maximum temperature range acceptable 
f o r  t ransients  not to exceed four hours  in duration a t  each occurrence.  

5) Ground Operations Limit: The maximum acceptable tempera ture  for  in- 
a i r  testing at the spacecraf t  sys t em level and fo r  the period between launch 
and initial tempera ture  stabilization. 



Spacecraft Configuration 

Temperature control shall  be maintained during prelaunch, ascent ,  
and flight in the corresponding configurations a s  defined by the 
requirements of MJS77 - 3 - 180, Spaceflight Equipment Configuration. 
The position of the scan platform shall  not be constrained for pur-  
poses of temperature control a t  distances f rom the sun exceeding 
3. 0 astronomical units (A. U. ). Near Ear th ,  platform pointing 
shall  be confined to the anti-sunward hemisphere.  At so lar  
distances between 1. 0 and 3.0 A. U. , platform pointing in  the 
sunward hemisphere shall be limited a s  dictated by the requi re-  
ment not to exceed the upper temperature l imits of the science 
instruments a s  given in Table 1. 

3. 3. 3 Spacecraft Orientation 

The spacecraft  orientations for  the sequence defined by MJS77-3- 
1 20, Spacecraft  Flight Sequence Implementation, shall be 
accommodated by the spacecraf t  thermal  design. Off sun 
orientations a r e  specifically constrained by Table 3 .  

3. 3.4 Fai lure  Mode Provisions 

The sys tem thermal  design shall be adequate to a s s u r e  that the 
malfunction protection requirements  a r e  met a s  specified in 
MJS77-3-100. With exceptions allowed a s  noted in MJS77-3-100, 
no single failure shall induce unfailed assembly tempera tures  
beyond TA te s t  levels o r  beyond the level known to significantly 
degrade equipment reliability o r  data quality, whichever occurs  
f i r s t .  

Combination of Environmental and S ~ a c e c r a f t  Induced Effects 

Table 2 summarizes  the combinations of thermally significant 
parameters  which must  be accommodated by the system thermal  
design. The general  guideline to be followed i s  that the 
allowable temperature ranges of Table 1 must  not be exceeded 
for the extreme conditions of the planned mission, but there i s  
no such requirement for abnormal combinations of environment 
and spacecraf t  condition. 

Approach 

3.5. 1 System Tes t  Configuration 

Spacecraft temperatures  shall  be maintained within the l imits  
specified in  Table 1 by the use of environmental control, 
special  handling procedures,  and operational constraints as  
required. 



Table  2. Fl ight  T e m p e r a t u r e  Control  Design Conditions 

& 

Operational Mode 

1 ) Launch and Ascent  

2 )  Sun Acquisition 

3 )  Canopus Acquisition 

4 )  Near E a r t h  C r u i s e  

5 ) Earth-Saturn C r u i s e  

6 )  Tra jec tory  Cor rec t i on  
Maneuver (TCM)  

7)  Science Cal ibrat ion 
Maneuver 

8 )  Science Cal ibrat ion 
Targe t  Maneuver 

9 )  Jupi ter  Encounter  

10)  Solar  / E a r t h  
Oc cultat ion@Jupiter  

1 1 ) Saturn Encounter 

12)  Solar  / E a r t h  
Occultation@Saturn 

Maximum 
Duration 

See  MJS77-3-120 

30 Min 

70 Min 

70 to 85 days 

4 Y r s  

(See Table  3 )  

(See Table  3)  

(See Table 3 )  

160 Days 

2. 5 H r s  

160 Days 

1. 5 H r s  

Solar  Intensity 
(S=135. 3 mw/crn2)  

0 . 0  to  1. OS 

1 . 0 s  

1 . 0 s  

1. 0 to 0 .45s  

0 .45  to 0 . 0 1 s  

1 . 0  to  0 .01s  

1 . 0  to 0 .01s  

1 .0  to 0 . 0 1 s  

0 .04s  

0. 04 to 0. OS 

0 .01s  

0 .01  to 0 . 0 s  

P l ane t a ry  
Heating 

E a r t h  

E a r t h  

None 

None 

None 

None 

None 

None 

Jup i te r  

Jup i te r  

Sa turn  

Saturn 

Spacecraf t  
Orientat ion 

As Dictated by Launch 
Requirements  

(See Table 3)  

Sun-Oriented Roll 

(See Table 3)  

E a r t h  Oriented (See 
Table 3 )  

(See Table  3 )  

(See Table  3 )  

(See Table  3 )  

E a r t h  Or ien ted  

E a r t h  Oriented 

E a r t h  Oriented 

E a r t h  Or ien ted  



Table 3 .  Spacecraft Orientation Constraints 

Ope rational Mode 

1 )  L a u n c h a n d A s c e n t  

2 )  Initial Sun Acqui- 
sition 

3 )  Cruise  

4) T ra j ec to ry  C o r r e c -  
tion Maneuver 
(TCM) 

5)  Science Cal ibra t ion  
Maneuver 

6 )  Science Calibrat ion 
Ta rge t  Maneuver 

7 )  Sun Reacquisition 
Maneuver 

Genera l  Constraints  

1 )  Maneuvers 4, 5 ,  and 6 above sha l l  a l l  be ini t iated f r o m  a Sun-oriented': ' configuration. 
2 )  S / C  t empera tu re s  shal l  be a t  equi l ibr ium before  initiating maneuve r s  4, 5 ,  o r  6. 
3 )  The elapsed t ime between subsequent maneuve r s  sha l l  be suff icient  t o  a s s u r r  that ( 2 )  i s  met .  

::"Sun-oriented" denotes the Sun lying along the S I C  - Z  axis .  i 

Applica-  
bility 

(A. U.) 

1 .0  

1 . 0  

1. 0 to  1. 5 

1. 5 to 3. 0 

1 . 0  to 2 . 0  

1 . 0  to  1 .  5 

1. 5 to 2. 0 

1 .  0 t o  1 .  5 

1. 5 t o  2. 0 

1. 0 t o  3 .  0 

Maximum 
Allowable 

Off -Sun Durat ion 

As Required 

One 360° Turn  
@TT m r / s e c  

Continuous 

Continuous 

1 . 0  h r  x (AU) 
plus Durat ion 
of P i tch  Turns  

One 360° t u r n  a t  
1 . 0  AU i n c r e a s -  
ing l inear ly  with 
A U  to ten 3600 
tu rns  a t  1. 5 AU.  

Ten 360° tu rns  a t  
n m r / s e c  

Same a s  TCM 

Same a s  TCM 

3. 5 h r s  

Orientation Constraint  

None. 

T u r n  m a y  be about any S I C  axis  o r  axes ,  
but mus t  be continuous. 

Sun l imited to  +X/+Y quadrant  of 
Sun Sensor  Field-of -View. 

Sun l imited to Sun Sensor  Field-of-View. 

Turns  mus t  be ROLL (-360' 5 R 5360°, 
then NEGATIVE POLARITY PITCH 
( -  1800 5 P 5 0 ) ,  then reacqui re .  

Turns  mus t  be ROLL a n d / o r  PITCH. 
Only PITCH tu rns  apply toward max imum 
allowable number  of t u rns ,  but each  
PITCH turn  mist be complete (i. e.  , 
3600). 

Same a s  TCM. 

Same  a s  TCM except  a *lo0 post-pi tch ro l l  
t u r n  i s  allowed. 

Turn  sequence m u s t  begin with a YAW t u r n  
and cons is t  of a l t e rna t e  YAWIPITCH t u r n s  
where  Y = f360° and P = *72O (a l l  PITCH 
t u r n s  mus t  be of s a m e  polar i ty) .  Pause  
per iods  between t u r n s  mus t  be minimized.  

Note: 5 YAW/4 PITCH t u r n s  wil l  provide 
4tr s t e r ad ian  coverage  for  the Sun 
Sensor .  



Svstem Solar-  Thermal-Vacuum Tes t s  

The Proof Tes t  Model (PTM)  shall  be maintained within TA 
assembly t e s t  levels and other flight spacecraf t  shall be main- 
tained within F A  assembly tes t  levels  by the use of flight design 
features  alone, except where the t e s t  configuration o r  environ- 
mental simulation induces nonflight conditions. SE and opera- 
tional procedures  shall  be used in these cases  and shall be more  
generally applied to protect  the spacecraf t  in the event of a 
spacecraf t  o r  facility failure. 

On-Pad 

A sys tem of ducted conditioned a i r  o r  dry nitrogen, together with 
selective insulation, shall be ,used to maintain acceptable space - 
craf t  tempera tures  within the Centaur standard shroud during 
prelaunch operations. Heaters  powered f rom the ground via 
the umbilical shall  be required for  temperature preconditioning 
of some S /C equipment. 

Flight 

Flight-proven thermal  design techniques shall be used to control 
the spacecraf t  heat  balance such that acceptable temperatures  
a r e  obtained in flight. In general, these techniques will influence 
o r  control configuration, packaging, conductive and radiative 
paths, and expernal surface finish. 

3 .5.4.1 Main Equipment Compartment (Bus). The temperature control 
approach fo r  the bus shal l  be basically the same  a s  for past  
Mariner  spacecraf t ,  including: 

a )  Maximum isolation f rom solar  heating, using multilayer 
insulation on the sunward side.  

b )  Multilayer insulation on the shaded side to minimize 
gradients and control heat l o s ses .  

c )  Heat rejection a t  electronic bay faces,  pr imar i ly  via 
thermostatically controlled louvers.  

d )  Maximum internal coupling to suppress  gradients,  simplify 
thermal  design, and improve reliability. 

#i 3 . 5 . 4 . 2  Scan Platform. Instruments on the scan platform shall  be the r -  
mally coupledwithin a blanketed enclosure with temperature con- 
t ro l  implemented by controlling the radiating a r e a  for the enclos - 
u r e  such that acceptable temperature levels a r e  achieved. The 
IRIS/MIRIS optics shall  be thermally isolated f rom other instru-  
ments  and thermostatically controlled. 



3 . 5 . 4 . 3  Cruise  Science and Appendages. Both passive and active tempera-  
tu re  control techniques shal l  be employed. Shades, shields,  su r  - 
face propert ies ,  configuration, hea ters ,  o r  conductive coupling 
shal l  be controlled a s  needed to produce acceptable temperatures .  

Temperature Contr 01 Devices 

Variable emittance louvers and severa l  types of hea ters  will be 
used. 

Thermostatically actuated louvers shall  be used to regulate the 
heat radiated f rom the main equipment compartment,  the scan 
platform and some individual science instruments and sensors  . 
The louvered a r e a  shall  be sufficient to compensate for power 
variations within the compartment,  variations in so lar  heat input, 
and uncertainties in the performance of the thermal  shields and 
blankets. Maintaining a l l  louvers within their  contr 01 range dur - 
ing the mission shall  be a design goal. 

Radioisotope heater  units (RHUs) and electr ical  hea ters  shall  
be used where supplemental heat sources a r e  mandatory. Elec-  
t r ica l  hea ters  shall  be fixed (continuously on), replacement (on 
when equipment i s  off), commandable by CCS f rom ground com- 
mand, or  programmed, o r  thermostatically actuated. Heater 
power shall  be limited to the minimum required to maintain 
allowable temperatures .  Heaters  shall  be powered by dc 
direct ly  f rom the shunt regulator,  except where compelling c i r -  
cumstances dictate otherwise. RHUs shall  be used wherever  
possible to minimize electr ical  power usage, but shall  not be 
used where radiation effects per  MJS77-3-240,  a r e  a concern. 

Subsvstem Requirements 

Packaging 

The packaging of the electronics shal l  be a s  specified in MJS77-  
3-220,  Flight Electronic Equipment Design, s o  a s  to provide a 
minimum number of separable  interfaces between a source  of 
heat and a sur face  radiating to space. 

3.6. 1. 1 Dissipated Power 

The ra te  of heat t ransported f rom a bus subassembly to the 
external shear  plate shall not exceed 2. 0 W per  attachment 
screw.  The rate  of heat transported to the external shear  plate 
shall  not exceed 0 . 0 4  w / c m 2  (0.  25 W/in. 2 ,  of available shear  
plate radiating a r e a  unless special packaging provisions a r e  
made to prevent overheating. 

3.6. 2 Surface Finish Control 

a )  The temperature control surface propert ies  for spacecraf t  
subsystems shall  be a s  required by the spacecraft  thermal  



design and specified by the cognizant temperature control 
engineer. 

b) Surface finishes shall  be easily cleanable o r  repairable  to 
r e s to re  original propert ies  af ter  ground handling. They 
shall  not chip, dust,  o r  peel when exposed to the launch 
and flight environments. 

c )  Surface finish outgassing products shall  be a minimum 
when exposed to a vacuum and predicted flight tempera-  
tures .  If necessary ,  the paints shall  be outgassed p r io r  
to vacuum exposure to prevent contamination of tempera-  
ture  control and optical surfaces.  

DESIGN REQUIREMENTS 

Tempera ture  Requirements 

The allowable and preferred spacecraf t  tempera tures  a r e  listed 
i n  Table 1. Allowable temperature ranges a r e  requirements  
levied on the system thermal  design. Adequate margin  must  be 
provided to account fo r  the degradation of mater ia l  propert ies  
and uncertainty in  spacecraf t  performance and environmental 
conditions such that these ranges can be maintained with high 
confidence. Conservative thermal  verification tes t s  with tempera-  
t u r e  control models (TCMs) and with the PTM and FLT spacecraf t ,  
and uncertainty analyses  for marginal  design situations shal l  be 
used to verify the accomplishment of this goal. 

P r e f e r r e d  tempera ture  ranges a r e  design goals. Where possible,  
the thermal  design will  be targeted f o r  these ranges under nomi- 
nal  m i s  sion conditions . 
Relationship to Assembly FA, TA, and Tempera ture  T e s t  Levels 

The F A  tes t  levels shall  in a l l  c a s e s  exceed the allowable flight 
ranges given in Table 1. T A  tes t  levels and equipment design 
levels a r e  successively broader  ranges,  the descriptions fo r  
which a r e  given in MJS77-3-240. The rationale for  these levels  
i s  given in P D  618-228, Environmental P r o g r a m  Policy and 
Requirements.  If the allowable tempera ture  for ground operations 
given in Table 1 exceeds the FA t e s t  level, special  in-air  t empera -  
t u r e  t e s t s  will be required,  pe r  P D  618-228. 

Heater  Requirements 

Elec t r ica l  heater  requirements  a r e  shown in MJS77-3-250. 
Replacement hea ters  shall  match the actual heat dissipation of 
the replaced electronics  within *5 percent for  a l l  science equip- 
ment. Other heaters  shal l  dissipate the power shown in 
MJS77-3-250 within t3 percent. Table 4 l is ts  required RHUs. 
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# Table  4. RHU':' Requi rements  

RHU Location 

Outboard Low Field Magnetometer  Sensor  
(OBLFM) 

Inboard Low Field Magnetometer  Sensor  
( IBLFM) 

Outboard High Field Magnetometer  Sensor  
(OBHFM) 

Inboard High Field Magnetometer  Sensor  
(IBHFM) 

Magnetometer  Boom Damper s  

Sun Sensor  

Propuls ion IPU Quick Disconnect  and Associa ted 
Hydrazine Lines  

Quantity Required 

3 

3 

2 

2 

3 

6 

5 

:::Radioisotope Heater  Units 1 . 0  t he rma l  wa t t s  each.  
- 
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FUNCTIONAL R E Q U I R E M E N T  
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R e v i s e  p a r a g r a p h  6 .  3 ,  p a g e  1 6 ,  a s  fo l lows:  

IS: - Shipping  and  handl ing  e q u i p m e n t  s h a l l  b e  p e r  J P L  D r a w i n g  10073927.  

WAS: Shipping  a n d  handl ing  e q u i p m e n t  s h a l l  be p e r  JPL D r a w i n g  10073427.  
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( Inser t  in 61 8-205, MJS77 Functional 
Requirements Book) 

Custodian: B. W. Stebbins 

APPROVED: 

System: 

B. W. Stebbins 

JET PROPULSION LABORATORY 

NO. MJS77-3-220 
12 March 1975 

FUNCTIONAL REQUIREMENT 

ELECTRONIC EQUIPMENT DESIGN 

# Denotes change 

1.0 SCOPE 

1 .1  Electronic Equipment Design Requirements 

This document spec ifie s the functional requirements  for  the 
mechanical design of Mariner  Jupiter/Saturn 1977 (MJS77) 
flight electronic equipment. Packaging considerations 
relative to s t ructural ,  e lectr ical ,  thermal  and configurational 
requirements  a r e  identified. 

Applicability 

The requirements  expressed  herein a r e  to be applied to the 
mechanical design of MJS77 flight electronic equipment. 
Where special  requirements  a r e  recognized, calling for  
techniques, different f r o m  those defined in this document, 
the MJS77 Electronic Equipment Engineer shall  approve, in 
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advance, the use  of alternatives.  These requirements pertain 
pr imari ly  to those electronic subsystems that a r e  contained in 
the bays of the p r imary  s t ructure of the MJS77 Mission Module. 
The appropriate Division 35 Technical Support Representative 
should be contacted for specific requirements of subsystems / 
subassemblies located elsewhere.  

A P P  LICABLE DOC UMENTS 

The following documents f o r m  a par t  of this Functional 
Requirement: 

NOTE 

MJS77-3- 100, Spacecraft Requirements and Constraints,  
applies to this document. Requirements of other level 3 
documents may also be applicable. It i s  the responsibility 
of the u s e r  to adequately acquaint himself with the organiza- 
tion and pertinent content of the level 3 documents, a s  well 
a s  with the mater ial  contained herein. 

REQUIREMENTS 

Je t  Propulsion Laboratory 

MJS77-2- 100 Spacecraft Design Cr i te r ia  

MJS77-3-100 Functional Requirement, Mariner  
~up i t e r /Sa tu rn  1977 Spacecraft 
Requirements and Constraints 

MJS77-3-180 Functional Requirement, Mar iner  
~ u ~ i t e r / ~ a t u r n  1977 Configuration 

Functional Requirement, Mariner  
JupiterISaturn 1977 Structural 
Design Cr i te r ia  

MJS77-3-210 Functional Requirement, Mariner  
JupiterISaturn 1977 Design Cr i te r ia  
for  Spacecraft Temperature Control 

MJS77-3-240 Functional Requirement, Mariner  
Jupiter /Saturn 1977 Environmental 
Design Requirements 

Functional Requirement, Mariner  
Jupi ter /Saturn 1977 Electrical 
Grounding and Interfacing 

Functional Requirement, Mariner  
Jupiter/Saturn 1977 Flight Equip- 
ment Cabling System 



OTHER DOCUMENTS 

J e t  Propulstion Laboratory 

DRAWINGS 

Je t  Propulsion Laboratory 

Mariner  ~ u ~ i t e r  /Saturn 1977 
Projec t  Policies and Requirements 
for  Science Investigations 

Mariner  ~ u ~ i t e r / S a t u r n  1977. 
P a r t s ,  Mater ials  and P r o c e s s  
Requirements 

Mariner  Jupiter /Saturn 1977 Con - 
figuration Management P lan  

Electronic Equipment and Cabling 
Design and Fabrication Require- 
ments  and P r o c e s s  Techniques 

Electronic Subassembly 
(Baseline Control Drawing) 

10063461 DSP Special Component Mounting 

Mariner  Jupiter /Saturn 1977 Elec - 
tronic Packaging Arrangement 

Electronic Assembly/Bus Struc- 
tu re  Interface Control Drawing 

Assembly Handling and Shipping 
Equipment 

FUNCTIONAL REQUIREMENTS 

General Packaging Design Requirements 

a )  Electronic equipment shall  be designed a s  replaceable 
assembl ies .  Each assembly shall, in general,  be com- 
pr ised of replaceable subassemblies.  Where practical,  
electronic equipment will be contained in the bays of the 
pr imary  s t ructure,  however, scientific instruments,  Sun 
sensor s  and other equipment with special  viewing require-  
ments  will be mounted to sat isfy those requirements.  

b)  Electronic equipment located in the bays shall  be packaged 
in standardized electronic assemblies .  



c )  Elect ronic  packaging design shal l  mee t  the  r equ i r emen t s  
f o r  survival  and re l iable  operation in the MJS77 Mission 
environment.  Adequate protection against  degradation 
during handling, test ing,  shipping and s to rage  and suitable 
a c c e s s  to equipment,  f o r  adjus tment ,  r epa i r  and modifica- 
tion shal l  be  provided. 

d )  Overa l l  r equ i r emen t s  fo r  e lect ronic  packaging design a r e  
f o r  both a s sembly  and subassembly  and shall  m e e t  the 
requ i rements  in DM509306, Elect ronic  Equipment and 
Cabling Design and Fabr icat ion Requirements  and P r o c e s s  - 
ing Techniques.  

Equipment Location 

The location of e lect ronic  equipment shal l  be consis tent  with the 
requ i rements  of MJS77 - 3- 180. Configuration, and the location 
of e lect ronic  a s sembl i e s ,  in the  bays ,  shal l  be controlled by J P L  
Drawing 1 0062445, E lec t ron ic  Packaging Arrangement .  E l ec -  
t ron ic  a s sembl i e s  a r e  located with at tention t o  functional, cabling, 
t empe ra tu r e  control ,  radiat ion,  magnetic,  and cen t e r  - of-gravity 
considerat ions .  

Sys t em Requi rements  

Elect ronic  packaging design shall  conform to the c r i t e r i a  
es tabl ished in MJS77-2-100, Spacecraf t  Design Cr i t e r i a ,  and 
mee t  the requ i rements  contained in MJS77-3- 100, Spacecraf t  
Requirements  and Constra ints .  

E l ec t r i c a l  Requi rements  

a )  Requirements  contained in MJS77-3-260, E l ec t r i c a l  
Grounding and Interfacing,  sha l l  be  met,  r e la t ive  to: 

1 )  Chas s i s -C i r cu i t ry  Isolation. 

2) E l ec t r i c a l  Bonding. 

3 )  Magnetic Fie lds .  

4)  Grounding of Shields. 

5 )  Grounding of Refe rence  T r e e s .  

b )  Equipment developing o r  us ing voltage g r e a t e r  than 250 V 
during any miss ion  phase  shal l  mee t  the design and tes t ing 
r equ i r emen t s  a s  specified in DM509306, pa r ag raph  3.4.  5 ,  
to prevent  corona,  o r  o ther  f o r m s  of a rc ing ,  in a tmospher ic  
p r e s s u r e s  ranging f r o m  s e a  level  to the vacuum of space .  

-. 
This  requ i rement  appl ies  even to equipment that  i s  not  
powered during the a scen t  through the c r i t i c a l  p r e s s u r e  
region.  
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Structural  Reauirements  

The electronic assembl ies  and subassemblies  shall  have s t ruc -  
tura l  charac ter i s t ics  consistent with MJS77- 3-1 90, Structural 
Design Cr i te r ia ,  

Environmental Requirements 

The packaging design of the electronic assembl ies  shall con- 
tribute to the ability of electronic equipment to  withstand the 
environments anticipated during the miss ion .  Specifically, the 
packaging design shall  be developed with conside ration for  the 
environments specified in MJS77-3-240, Environmental Design 
Requirements,  and the requirements ,  guidelines and constraints  
established in MJS77-3-210, Design Cr i te r ia  for Spacecraft  
Tempera ture  Control. 

Mater ials  and P r o c e s s  Reauirements  

Mater ials ,  hardware and fabrication p rocess  shall conform to 
the applicable portions of 61 8-21 1,  P a r t s ,  Mater ials  and P r o c -  
e s s e s  Control Requirements.  Use of magnetic ma te r i a l s  shall. 
be avoided. 

Identification Requirements 

Identifying markings shall, a s  a minimum, m e e t  the requirements  
of 618-232, MJS77 Configuration Management Plan, for  engineer- 
ing subsystems and for  science subsystems use 618-52, Pro jec t  
Policies and Requirements for  Science Investigations. 

Threaded Fas tene r s  

Threaded fas teners  shall  conform to DM509306, paragraph 
3 . 2 . 1 .  6 .  Fas t ene r s  shall  conform to the applicable portions 
of PD 618-211. 

Installation Requirements 

Qualified fixtures and tooling shall  be used to pe rmi t  reliable 
installation and removal of electronic assembl ies  and sub- 
assembl ies  with no resultant damage to, degradation of, the 
mechanical o r  e lectr ical  charac ter i s t ics  of the equipment. 

Shipping and Handling 

Shipping and handling of electronic equipment will be in con- 
formance with DM509306, paragraph 3.2.  7, and environmental 
requirements  of MJS77-3-240, paragraph 3.1. All standard 
shipping and handling equipment will be supplied by JPL a s  GFE. 

Electronic Assembly Design Requirements 

Electronic assembl ies  shall  conform to the geometry a s  shown 
in Figure 1. 

5 /6 



ASSEMBLY IDENTIFICATION 
PART NUMBER AND TITLE 
PROJECT IDENTIFIER PER 618 

OUTBOARD 
PLATE ASSY 

ASSY 

-232 

Figure 1. Typical Dual Shear Panel  Electronic  Assembly 
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Structural  Reauirements 

a )  The electronic assemblies  mounted in the bays of the pr i -  
m a r y  s t ruc ture  form an integral par t  of that s t ructure.  The 
electronic subassemblies contained within each electronic 
assembly contribute to the strength and rigidity of the 
assembly. These charac ter i s t ics  a r e  derived principally 
f rom the shea r  plates of the electronic assembly and f rom 
the subchassis  of each electronic subassembly. The 
requirements  for  the design of spacecraf t  s t ruc tura l  ele-. 
ments  a r e  specified in MJS77- 3- 190, Structural  ~ e s i g n  
Cr i te r ia .  

b )  Inboard and the outboard sur face  elements  of each elec-  
tronic assembly shall  be designed to function a s  a p r imary  
shearplate when mounted on the p r imary  s t ruc ture ;  all  
holes, discontinuities and loads at  attachment points in the 
shearplates  shall  be controlled in o rde r  to a s s u r e  s t ruc -  
tura l  integrity. The subchassis  of each subassembly shall  
provide la te ra l  stability to the assembly and p r imary  
s t ructure.  The shock and vibration inputs to the electronic 
assembly a r e  specified in M JS77-3-240, Environmental 
Design Requirement. The shock and vibration design 
c r i t e r i a  for  subassemblies a r e  specified in paragraph 5. 1. 

Thermal  Requirements 

Consistent with special  equipment requirements ,  the electronic 
assembl ies  shall  be designed to provide conductive heat paths to  
the p r imary  s t ructure.  Subassemblies within each  assembly  will 
s e rve  a s  thermal  conductors. Subassemblies with high heat 
dissipation should be distributed to a s s i s t  in the tempera ture  
control of a l l  e lements  within the electronic a s  sembly. Adjacent 
subassemblies  shall  make reciprocal  u se  of radiative and con- 
ductive heat t r ans fe r  to the maximum extent cons istent with other  
fac tors .  The electronic assembly shall  provide a surface suitable 
f o r  application of required tempera ture  control finishes. Surface 
f la tness  and the number of fas teners  used shall  be compatible 
with tempera ture  control design requirements .  Design c r i t e r i a  
f o r  thermal  interfaces a r e  specified in MJS77-3-210, Design 
Cr i te r ia  fo r  Spacecraft  Temperature Control. 

Electronic Assembly Internal Configuration 

The following considerations apply to  the internal configuration 
of the electronic assembly: 

a )  All equipment of one subsystem should be confined to a 
single electronic assembly  wherever  pract ical ,  fo r  ease  of 
handling, testing and checkout. 



b)  Electronic subassemblies requiring a large number of 
e lectr ical  interconnections with each other should be 
located adjacently o r  in close proximity. 

c )  Electronic subassemblies with heat dissipation should be 
so distributed within the assembly as  to aid in establishing 
temperature control within the specified limits. 

d )  Special positioning required by temperature t ransducers ,  
gyroscopes and other devices shall  be provided. 

Assembly Harness  

The electronic subassemblies within each electronic assembly 
a r e ,  in general,  interconnected with one o r  more  removable 
harnesses .  A typical assembly harness  i s  shown in Figure 1. 
Harnesses  will be designed with consideration for the require- 
ments  expressed in this document. Basic functional require-  
ments  of ha rnesses  a r e  contained in MJS77-4-2009, Cabling 
Subsystem. As a goal, the d i rec t  access  checkout cabling 
ha rness  shall  be independent of the flight wiring, and be capable 
of being removed pr ior  to flight. 

Electronic Subassembly Design Requirements 

Within an electronic assembly, the configuration shall be stan- 
dardized to provide flexibility in location of the subassemblies.  
Subassembly envelopes may be varied a s  required to satisfy 
par t icular  design requirements  and packaging objectives. The 
interface requirements  for  these subchassis a r e  specified in 
Section 4.0.  F o r  special component mounting (other than on 
printed wiring boirds) within a subassembly, see JPL Drawing 
No. 1006346 1 ,  DSP Special Component Mounting. 

Viking Orbi ter  1975 Inherited Subassemblies 

Subassemblies inherited f r o m  V0'75 (either actual hardware or  
design) must be adapted for  proper mounting into the MJS77 
electronic assembly. Coordination with the appropriate Division 
35 Technical Support Representative will be required for  the 
detailed design of this adaptation. 

Shielding Requirements for  Typical Mounting 

Electronic subassemblies shall  be shielded a s  required to pre-  
vent detr imental  electromagnetic interference o r  e lectr ical  
c r o s s  -coupling, whether internally o r  externally generated. 
These requirements  a r e  specified in MJS77-3-240. Provision 
shall be made, internal to each subassembly, for reliable con- 
nection of e lectr ical  ground wires  o r  conductors. 



Subassembly  Wiring 

T h e  s u b a s s e m b l i e s  s h a l l  be  des igned s u c h  tha t  s y s t e m  funct ions ,  
a c  power  input ,  d i r e c t  a c c e s s ,  and s u b a s s e m b l y  in te rconnec t  
funct ions  d o  not u t i l ize  the  s a m e  s u b a s s e m b l y  connec to r s .  Sub- 
a s s e m b l y  in t raconnec t ions  s h a l l  not be  m a d e  th rough  t h e  sub-  
a s s e m b l y  connec to r s .  E a c h  function which goes  to  m o r e  than one 
des t ina t ion  s h a l l  be  a l located  a s e p a r a t e  pin on the  s u b a s s e m b l y  
connec to r  f o r  e a c h  dest inat ion.  T h e  locat ion  of s u b a s s e m b l y  
c o n n e c t o r s  wi l l  b e  se lec ted  s u c h  tha t  w i r e  length  in the  e x t e r n a l  
cabling is min imized .  S y s t e m  funct ions  wi l l  b e  a s s i g n e d  t o  con-  
n e c t o r s  n e a r  the  s y s t e m  in te rconnec t  h a r n e s s ,  power  n e a r  the  
power  d i s t r ibu t ion  h a r n e s s  (both i n  the  - 2  d i r e c t i o n ) ,  and d i r e c t  
a c c e s s  to  c o n n e c t o r s  n e a r  the  l o w e r  end (tZ d i r e c t i o n  i n  a c c o r d -  
a n c e  with MJS77-3- 180) ,  of the  s u b a s s e m b l y .  

S t r u c t u r a l  R e q u i r e m e n t s  

T h e  s u b a s s e m b l y  s u b c h a s s i s  s h a l l  b e  des igned a s  a  m e c h a n i c a l l y  
in teg ra ted ,  load-sha r ing  m e m b e r  of the  e l e c t r o n i c  a s s e m b l y .  
Adequate  s t i f fness  s h a l l  b e  provided to  e n s u r e  tha t  f r a g i l e  p a r t s ,  
modules  and in te rconnec t ions  a r e  not d a m a g e d  b y  l e v e l s  of shock  
and v ib ra t ion  d e s c r i b e d  i n  p a r a g r a p h  5. 1. 

I N T E R F A C E  DEFINITIONS 

In te r face  R e q u i r e m e n t s  

T h e  m e c h a n i c a l  i n t e r f a c e s  of e a c h  e l e c t r o n i c  a s s e m b l y ,  and e a c h  
s u b a s s e m b l y  tha t  i s  mounted in  a n  e l e c t r o n i c  a s s e m b l y ,  s h a l l  be  
con t ro l l ed  by In te r face  Contro l  Drawings  (ICD). F o r  in fo rmat ion  
p u r p o s e s ,  J P L  Drawing 10063244, E l e c t r o n i c  Subassembly  
( B a s e l i n e  Con t ro l  Drawing) ,  m a y  b e  used.  

E l e c t r o n i c  A s s e m b l v  In te r faces  

T h e  i n t e r f a c e  of the e l e c t r o n i c  a s s e m b l i e s  t o  t h e  MJS77 b u s  wi l l  
b e  spec i f i ed  b y  J P L  Drawing 10066932. MJS77 E l e c t r o n i c  
~ s s e m b l ~ / B u s  S t r u c t u r e  I n t e r f a c e  Con t ro l  Drawing.  

5 .0  PERFORMANCE PARAMETERS 

T h e  des ign  of the  e l e c t r o n i c  a s s e m b l y  s h a l l  e n s u r e  tha t  a  m i n i -  
m u m  s t r e s s  is imposed  on  e l e c t r i c a l  p a r t s  within the  to ta l  r a n g e  
of m i s s i o n  env i ronments .  

5.1 Shock Vibra t ion  

5.1.1 Shock 

E l e c t r o n i c  equ ipment  component  l e v e l  d e s i g n  r e q u i r e m e n t s  s h a l l  
b e  i n  compl iance  wi th  F i g u r e  2.  A l l  r e l a y s  shall i n c o r p o r a t e  
p ro tec t ive  packaging techniques  f o r  shock  a n d  vibra t ion ,  



FREQUENCY - HZ 

F i g u r e  2.  MJS77 Shock S p e c t r u m  E l e c t r o n i c  S u b a s s e m b l y  
Des ign  C r i t e r i a  

(Componen t  L e v e l )  

V ib ra t ion  

E l e c t r o n i c  e q u i p m e n t  s h a l l  b e  des igned  s o  t h a t  t he  f u n d a m e n t a l  
r e s o n a n t  f r e q u e n c y  and  t r a n s m i s s a b i l i t y  in  a l l  a x e s  f a l l  in  t he  
c o n s e r v a t i v e  o r  adequa te  d e s i g n  r e g i o n  a s  shown  on F i g u r e  5. 
F i g u r e s  3 a n d  4 def ine  t h e  s i n e  a n d  r a n d o m  v i b r a t i o n  l e v e l s  
t h a t  c o m p o n e n t s  a re  s u b j e c t e d  t o  when  m o u n t e d  on  a n  MJS77 
s u b c h a s s i s .  

T h e r m a l  

T h e  m a x i m u m  s u b a s s e m b l y  h e a t  d i s s i p a t i o n  s h a l l  not exceed  

0. 0078 w / c m 2  (0. 05  in. 2 ,  of c o m p o n e n t  moun t ing  a r e a  p e r  
s i d e  wi thout  s p e c i a l  c o n s i d e r a t i o n s .  
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Figure 3. MJS77 Sine Vibration Electronic Subassembly Design Cr i te r ia  
(Component Level)  

Radiation Protection 

The electronic assembly  inboard and outboard shear  panels shall 
provide dose and fluence margin  of 2 .0  in accordance with 
MJS77-3 -240. 
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Figure 4. MJS77 Random Vibration Electronic Subassembly 
Design Cri ter ia  

(Component Level) 
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DESIGN FREQUENCY -HZ VS. PEAK RESPONSE 
*G'S AT THE ELECTRONIC PART/COMPONENT LEVEL 

PEAK RESPONSE 'Gar 

F i g u r e  5. E l e c t r o n i c  Equipment  Dynamic  Design C r i t e r i a  
(Component  L e v e l )  



PHYSICAL CHARACTERISTICS AND CONSTRAINTS 

Mass and Volume 

MJS77 electronic equipment shall be designed for minimum m a s s  
and volume consistent with high reliability, ease  of fabrication, 
environmental s t r e s s ,  handling, durability, operational considera- 
tions, and flexibility to permi t  modification and/or  rework with- 
out significant degradation. 

Alternate Design Techniques, P r o c e s s  and Materials 

The use of design techniques, processes  and mater ia l s  other 
than those specified in this document requi res  approval in 
advance, a s  stated in paragraph 1. 2. Such use  will be based 
upon p r io r  qualification to ensure  that equipment will survive 
environmental shock, vibration, tempera ture  excursions and 
provide long t e r m  operation in outer space. Compatibility must  
be achieved with applicable sections of 61 8- 21 1. 

Handling and Shipping 

Appropriate handling fixtures and containers a s  defined in 
DM509306, Electronic Equipment and Cabling Design, and 
Fabrication Requirements and P r o c e s s  Techniques, shall  be pro- 
vided to protect electronic equipment during fabrication, checkout, 
testing, shipping, s torage and installation. Shipping and handling 
equipment shall  be per  J P L  Drawing 10073427, Assembly Handling 
and Shipping Equipment. 

SAFETY CONSIDERATIONS 

Insulation of Elec t r ica l  Conductors 

Electr ical  conductors, except the engagement surfaces of con- 
nector contacts, shall  be completely insulated to prevent inad- 
vertent short  c i rcui ts  resulting f r o m  contact with conductive 
foreign mater ia l  during operation of the MJS77 spacecraf t  and 
maintain the safety of personnel. In r a r e  c a s e s  where i t  i s  not 
feasible to coat conductors due to functional requirements ,  
physical separation and/or  other  design techniques shal l  be 
utilized to prevent equipment damage. 

Connectors 

The use  of pins o r  sockets in par t icular  connectors shall  be 
determined f r o m  considerations of safety to personnel and equip- 
ment. Where sys tem design dictates a requirement  that may 
present  a safety problem, adequate marking and labeling shal l  
be used to a s su re  safe procedural pract ices .  MJS77-3-100 
specifies cer tain requirements  for MJS77 e lec t r ica l  interface. 
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Custodian:  G. E .  Cunningham 

APPROVED: 

JET PROPULSION LABORATORY 

No. MJS77-3-230C: 
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Supersedes  
MJS77-3-230R 

19  July  19761 

FUNCTIONAL REQUIREMENT 

MARINER JUPITERISATURN 1 977 

EQUIPMENT LIST AND MASS ALLOCATIONS 

.;'; Denotes changes  f r o m  previous  i s sue .  

1 . 0  SCOPE 

This  document es tab l i shes  the Mar ine r  Jup i te r ISa turn  1977 (MJS77) 
subsys t em equipment l i s t  and m a s s  al locations.  The equipment 
l i s t  includes a l l  spacecra f t  flight configured i t e m s  plus the  Adapter.  
The m a s s  l i s t  includes subsys t em allocations fo r  the Miss ion 
Module (MM), the Propuls ion  Module (PM)  and the Adapter.  

APPLICAB LE DOCUMENTS 

The following documents  f o r m  a p a r t  of th is  Funct ional  Requiremen.t .  

NOTE 

MJS77- 3-1 00, Spacecraf t  Requi rements  and Cons t ra in t s ,  
appl ies  to th is  document.  Requi rements  of o ther  MJS77 
leve l  3 documents  m a y  a l so  be applicable.  It i s  the r e -  
sponsibil i ty of the u s e r  to adequately acquaint  himself 
with the organizat ion and per t inent  content of the  level  3 
documents ,  a s  well  a s  with the m a t e r i a l  contained herein .  

Page  1 of 20 



REQUIREMENTS 

J e t  P ropu ls ion  Labor  a t o r  y 

MJS77-3-100 Functional  Requi rement ,  Mar ine r  
Jup i te r /Sa tu rn  1977 Spacecraf t  
Requi rements  and Cons t ra in t s  

MJS77-3-180 Functional  Requi rement ,  Mar ine r  
Jupi ter  /Saturn  1977 Configuration 

MJS77-3-200 Funct ional  Requirement ,  Mar ine r  
Jup i te r /Sa tu rn  1977 Iner t i a l  P r o p e r t i e s  

OTHER DOCUMENTS 

J e t  P r o ~ u l s i o n  Labora to rv  

DRAWINGS 

J e t  P r o ~ u l s i o n  Labora to rv  

Mar ine r  Jup i te r /Sa tu rn  1977 Mission 
and Science Requi rements  Document 

Mar ine r  Jup i te r /Sa tu rn  1977 Spacecraf t  
Sys tem Configuration Management P l an  

Mar ine r  Jupi ter  /Saturn  1 977 
Drawing T r e e  

3 .  0 REQUIREMENTS 

3 .1  Conflicting Requi rements  

In c a s e  of conflict between the r equ i r emen t s  of th i s  document and 
any other  Functional  Requirement ,  P r o j e c t  Document o r  the Drawing 
T r e e ,  the conflict shal l  be r e f e r r e d  to  the Spacecraf t  Sys t em 
Engineer  fo r  resolut ion.  

E a u i ~ m e n t  L i s t  

All i t ems  of equipment sat isfying one o r  m o r e  of the following 
c r i t e r i a  a r e  specif ied in Tab les  1 ,  2 and 3. 

a )  The equipment would reasonab ly  be expected to  be detached 
f r o m  the spacec r a f t  o r  a higher a s s emb ly  in the Spacecraf t  
Assembly Fac i l i ty  (SAF).  

b )  The equipment will be environmental ly  t e s ted  a s  a s epa ra t e  
unit.  



c )  The equipment will be delivered to another division o r  
subsys tem for  subsequent assembly  and del ivery to  the SAF. 
(Examples:  RTG in te r -  s t ruc tu re s ,  antenna s t ruc tu re s ,  
propulsion s t ruc tu re ,  e tc .  ) 

d )  The major  subassemblies  of the equipment included in a ) ,  b) 
o r  c )  above, having one o r  m o r e  e lec t r ica l  in terfaces  and 
which would be assigned individual re fe rence  designation 
number  s . 

3.2 .1  Cr i te r ion  for Indenture 

Any i tems  which a r e  included in a higher level of assembly  a r e  
indented immediately below said assembly.  

3 . 2 . 2  Applications 

The Equipment and Mass  Allocation l i s t s  shal l  contain information 
which will enable it to be used a s  the basis  for  other  s y s t e m  level 
oriented l i s t s  such as :  

a )  Mass  P rope r t i e s  l i s t s .  

b) Environmental  t e s t  configuration l i s t s .  

c )  Quality Assurance l i s t s .  

3 . 2 .  3 Equipment Identification 

I tems in the l is t  shal l  be identified in accordance with PD618-232, 
Configuration Management P lan ,  and the MJS77 Drawing T r e e .  

3 . 2 . 4  Configuration 

The l is t  shal l  ref lect  the MM, the PM, and the ' ~ d a ~ t e r  in the 
configuration shown in MJS77-3-180, Configuration. 

3. 3 Mass  

3. 3 .1  Mass  Control  

Spacecraf t  m a s s  control  i s  the responsibil i ty of the Spacecraft  
Sys tem Engineer .  Management of subsys tem equipment m a s s e s  
to  a s s u r e  conformance to  the allocations of this document is  the 
responsibil i ty of the subsys tem cognizant engineer ingl technical  
section. 

+$ 3 .  3.2  Spacecraf t  and Adapter Launch Mass  

The maximum launch configuration m a s s  of the  combination of the 
MM, the PM, the Adapter and the S I C  contingency allowance shal l  



be 2062.  06 kg (4546. 84 lb) .  Also included in the above m a s s  is  any 
equipment  furnished by the launch s y s t e m  which r ema ins  on the 
spacec r a f t  a f t e r  launch vehicle separat ion.  

3 .  3 .  2 .  1 Miss ion Module Pos t -  Je t t i son Mass .  The MM post - je t t i son 
separa ted  m a s s  i s  the total  ha rdware  m a s s  mounted fo rward  of the 
MM-PM separa t ion  plane af ter  jet t ison of the P M  including propel-  
lants ,  r e s i dua l s ,  and a l l  g a s e s .  The m a s s  shal l  not exceed 7 9 2 .  0 kg 
(1746. 36 lb)  a s  specif ied in 618-51, Miss ion and Science Requi re -  
men t s  Document,  Vol. I. 

3. 3 . 2 . 2  Spacecra f t  P re - In jec t ion  M a s s .  The spacec r a f t  pre- in ject ion m a s s  
i s  the to ta l  ha rdware  m a s s  mounted fo rward  of the PM-Adapter  
separa t ion  plane including a l l  p rope l lan t s ,  r e s i dua l s  and a l l  ga se s  
p r i o r  to  spacec r a f t  separa t ion  f r o m  the adap te r .  The spacecra f t  
p r e -  injection m a s s  sha l l  not exceed that  shown in Table 4.  

3. 3 . 2 .  3 Adapter M a s s .  The Adapter m a s s  i s  the to ta l  m a s s  of J P L  hard-  
wa re  f r e ed  f r o m  the spacecra f t  a t  separa t ion  f r o m  the Centaur .  The 
to ta l  m a s s  of the adapter  sha l l  not exceed that  shown in Table  4 .  

3 . 3 . 2 . 4  Spacecraf tPropel lan tMass .  The p r o p e l l a n t m a s s  is  the t o t a l m a s s  
of the combined propel lant  in the P M  and MM. The propel lant  m a s s  
sha l l  not exceed that  shown in Table  4 .  

3.  3 .  2 .  5 Prope l lan t  Consumption M a s s .  The consumption m a s s  is  that m a s s  
of the propel lant  consumed during the injection and jet t ison sequences .  - - 
The consumption m a s s  i s  shown in sequence in   able 4.  

3 .  3. 2 .  6 Subsys tem Allocations.  The to ta l  m a s s  of a l l  flight configured i t ems  
f o r  e a c h  subsys t em shal l  not exceed the i r  al located m a s s  a s  shown in 
Table  5. 
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Table 1. Mission Module Equipment List

REF NO • DRAWING NO. ITEM ·SECT

•••• 2001 STRUCTURE SUBSYSTEM ••••

2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
20u1
2001
2001
2001
2001
2001
7.001
lOOl
2001

II< 2001
2001
2001
20Cl
2001
2001
2001
2001
2001
2001
2001
2001
7.001
2001

* 2001
2001

* 2001
2001
2001
2001

II< 2001
2001*2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001

10062240
10062266
10073891
10062218
10062262
10062219
10062263-1
10062263-2
10062291
10062264
10062231
10062238
10062239
10061810
10062260-1
10062260-2
10062260-3
10011612
10013680
10013619
10082408-1
10013682
10013681
10013684
10073683
10073686
10013685
10073688
10013681
10013690
100136139
10013692
10013691
10013694
10083014
10013693.
10013693-2
10013696
10073695
10013698
10013698-2
10073691
10013697-2
10075660-4
10075659-5
100111673-1
10015660-5
10011583
10076300
10017584-3
10017584-2
10015660-6
10015660-1

BUS STRUCTURf ASSY
CABLE SUPPORT RING ASSY
RTG'INTERSTITIAL STRUCT 121
RTG BOOM OUTBOARD ASSY
RTG ROOM INBOARD ASSY
RTG LATCH TRUSS ASSY
RTG OUTRIGGER ASSY
RTG OUTRIGGER ASSY
RTG CABLE SUPPORT ASSY
MM/TCAPU TRUSS ASSY
SCAN PLATFORM ASSY
SCIENCE ROOM STRlIc:T ASSY
SCIENCE OUTRIGGER ASSY
HIGH GAIN ANTENNA STRUCTURE ASSY
ANTENNA SUPPORT TRUSS ASSY
ANTENNA SUPPORT TRUSS. ASSY
ANTENNA SUPPORT TRUSS ASSY
SHUNT RADIATOR STRUT ASSY
BAY 1 SHEAR PLATE OllT"lOARD
BAY 1 SHEAR PLATE INBOARD
RAY 1 SHEAR PLATE rN"lOARD,ALT
BAY 2 SHFAR PLATE OUTBOARD
BAY 2 SHEAR PLATE INROARD
BAY 3 SHEAR PLATE OUTBOARD
BAY 3 SHEAR PLATE INBOARD
BAY 4 SHEAR PLATE OUTBOARD
BAY 4 SHEAR PLATE INBOARD
BAY 5 SHEAR PLATE OUTBOARD
BAY 5 SHEAR PLATE INBOARD

. BAY 6 SHEAR PLATE OUTBOARD
BAY 6 SHFAR PLATEINROARD
BAY 7 SHEAR PLATE OUTBOARD
RAY 7 SHEAR PLATE INROARD
BAY 8 SHEAR PLATE OUTBOARD
BAY 8 SHEAR PLATE OUTROARD,ALT
BAY 8 SHEAR PLATE INBOARD
BAY 8 SHEAR PLATEINBOARD,ALT
BAY 9 SHEAR PLATE OUTBOARD
BAY 9 SHEAR PLATE INBOARD
BAY 10 SHEAR PLATE OUTBOARD
BAY 10 SHEAR PLATE OUTBOARD,ALT
BAY 10 SHEAR PLATE INBOARD
BAY 10 SHEAR PLATE INBOARD,ALT
BAY 1 CONN BRACKET UPPER
BAY 1 CONN BRACKET LOWFR DIRFCT ACCESS
BAY 2 CONN BRACKET LOWER DIRECT ACCESS
BAY 3 CONN BRACKET UPPER
RAY 3 CONN BRACKET LOWER
BAY 4 CONN BRACKET UPPER
BAY 4 CONN BRACKET LOWER
BAY 4 CONN BRACKET LOWER
BAY 5 CONN BRACKET LOWER
eAY 0; CONN BRACKET LOWER DIRECT ACCESS

5

352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
357.
'152
357
352
352
352
352
352
357.
357.
357
352
352
352
357
352
352 •
352
352
352
352
352
352
352
352
~52

352
352
352
352
352
352
352
352
352
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Table 1. Mission MOdule Equipment List (contd)

REF NO. DRAWING NO. ITEM • SECT

•••• 2001 STRUCTURE SUBSYSTEM ••••

2001
2001
2001
2001
2001
2001
2001
2001
2001

·200lA25
200lAC7
2001
2001
2001
2001
2001
2001
2001

-.2001AFl

10075660-9
10075660-8
10075659-2
10075660-2
10075660-3
10077585
10077586
10075659-3
10075659-4
10076964
10078566
10078392-1
10078392-2
10078393
10078449
10078450
10077930
10077934
10081947

BAY 6 CONN BRACKET UPPER
BAY 6 CONN BRACKET LOWER DIRECT ACCESS
BAY 7 CONN BRACKET UPPER
BAY 7 CONN BRACKET UPPER
BAY 7 CONN BRACKET LOWER DIRECT ACCESS
BAY 9 CONN BRACKET UPPER
BAY 9 CONN BRACKET LOWER DIRECT ACCESS
BAY 10 CONN BRACKET UPPER
BAY 10 CONN BRACKET LOWER DIRECT ACCESS
SCIENCE CALIBRATION TARGET/SHUNT RADIATOR
,ACCElEROMETER
SUPPORT LOUVER
SUPPORT LOUVER
PLATE LOUVER
CHANNEL SUN SENSOR
HOUSING RHU 161
SUPPORT SUN SENSOR
CABLE STRUT
SCAN PLATFORM FUSE/BLEEDER ASSY

H2
352
352
352
352
352
351
352
352
352
351
35'
35Z
352

.352
352
352
352
352

.*.* 2002 RAOIO FREQUENCY SUASYSTEM ****
... 2002XBl
*ZOOZDCl

ZOOZOXI/Z
ZOOZHIlI2
2002L11/2
200Z0Fl/Z

... '-OOZSAII2
*1002SAII2
*2002TBI
t:200ZXAII2

Z002FHl
Z002SWI
ZOCZSW2
Z002CXl
ZOOZCX2
Z002CX3
Z002CX4
Z002CX5
Z002CX6
2002CXH
2002CX34
200ZCX35
2002CX36
2002CX37
Z002CX38
2002CX39
Z002CX40
Z002CX41
Z002CX..2
Z002CX43

10082385
10082409
10070501
240040
240041
10070454
10064021
10082493
10087221
10064072
10070651
10070551
10070601
10070101-1
10070702-1
10070703-1
10070704-1'
10070705-1
10070706-1
10070191-';
10070191-6
10070191-7
10070191-8
10070191-9
10070191-10
10070191-11
10070191-12
10070741
10070742
10070743

X-BAND ALT TWTA
DISCHARGE CONT ALT X-BAND TWTA
OIPLEXER 121
HIGH POWER ISOLATORS
LOWER POWER ISOLATORS
OUTPUT FILTER 121
S-BANO TWTA
S-BANO SSA ASSY
TERM BD.S-BANO TRANSMITTER SWITCH
x-BAND TWTA
S-BAND FILTER HY9RIO
RCVR RF SWITCH
XMTR RF SWITCH
INTERBAY COAXIAL CABLES
INTERBAY COAXIAL CABLES
INTERBAY COAXIAL CABLES
INTgRBAY COAXIAL CABLES
INTERBAY COAXIAL CABLES
INTERBAY COAXIAL CARLES
INTERBAY COAXIAL CABLES
INTERRAY COAXIAL CABLES
INTfRBAY COAXIAL CARLES
INTERRAY COAXIAL CARLES
INTERBAY COAXIAL CABLES
INTERBAY'COAXIAL CABLfS
INTERBAY COAXIAL CABLES
INTERBAY COAXIAL CABLES
CABLE COAX ISOLATOR
CABLE COAX ISOLATOR
CABLE COAX ISOLATOR

6

339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
339
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Table 1. Mis sian Module Equipment List (contd)

REF NO. DRAWING NO. ITEM * SECT

•••• 2002 RADIO FREQUENCY SUBSYSTEM .***

200ZCX44 10070744 CABLE COAX ISOLATOR 339
::!00ZCX1 10070191-3 INTRABAY COAXIAL CABLES 339
lOOZCXS 10070191-4 INTRABAY COAXIAL CABLES 339
200ZCXQ 10070709-1 INT~ABAY COAXIAL CABLES 339

--* 200Z'X 10 10070717-l INTRABAY COAXIAL CABLES 339
lOOZCXl1 10070711-1 INTRABAY COAXIAL CABLES 339
ZOOZCXIZ 1007071?-1 INTRABAY COAXIAL CARLES 339
20ClCX13 10070713-1 INTRABAY COAXIAL-CARLES 339
2002CX14 10070714-1 INTRABAY COAXIAL CARLES 339
200ZCX1"i 10070715-1 INTRABAY COAXIAL CABLES 339
200ZCX16 10070716-1 INTRABAY COAXIAL CAP.LES 339
lOQZCX17 10070070-1 INTRABAY COAXIAL CABLES 339
lOO2CX1S 10070010-l INTRABAY COAXIAL CABLES 339
lOOZCX19 10070070-3 INTRARAY COAXIAL CA~LFS 339
200?CX?0 10070070-4 INTRABAY COAXIAL (ARlES 339
200?CX21 10070070-'5 INTRABAY COAXIAL CABLES 339
2002cxn 10070070-6 INTRABAY COAXIAL CARLES :339
lO02cxn 10070010-7 INTRARAY COAXIAL CARLES 339
lOOlCX24 10070070-8 INTRABAY COAXIAL CARLES 339
lOOZCXl"i 10070070-9 INTRARAY COAXIAL CABLFS 339
2002C~26 10070070-10 INTRABAY COAXIAL CARLES 339
200ZCXl7 10070070-11 INTRABAY COAXIAL CABLES 339
lOOZCX28 10070070-12 'INTRABAY COAXIAL CABLES 339
ZOOlCX29 10070070-13 I~TRABAY COAXIAL CABLFS 339
2002CX30 10070070-14 INTRABAY COAXIAL CABLES 339

-* 200lCX31 10070731-2 INTRABAY COAXIAL CABLES 339
*2002CX32 1007073Z-2 INTRABAY COAXIAL CABLES 339

2002ANI-8 COAXIAL ATTENUATORS lSI 339
2002STl12 10070014 S-8ANn TRANSPONnERS III 339
200ZXE'l/l 10070353 X-BANn EXCITERS 121 B9
2002LF112 10070194 LOW PASS FILTER 121 339
200ZAIl 10070?5? ACIS 339
2002UCl 10070022 ULTRA STABLE OSCILLATOR/CONTROL 339

*.** lO03 MODULATION/DEMODULATION SUBSYSTEM un

Z003Al13 10064031 COMMAND DETECTOR UNIT 12. 339
lO03A2I4 10064032 TLM MODULATION UNIT 12. 339

**** 2004 POWER SUBSYSTEM .***

lOO4RG1/ZI3 10062261 RADIOSOTOPE THERMOELECTRIC GENERATORS (3. 342
20041.20 10064049 POWER CONTROL 342
200U21 10064047 POWER DISTRIBUTION 342
2004A22 10064046 2.4 KHZ INVFRTER SURASSY 342
Z004A23 10064044 SHUNT REGULATOR SU8ASSY 342
2004A24 10064043 DISCHARGE CONTROL SUBASSY 342

**.. 2005 COMMAND COMPUTER SUBSYSTEM ****

Z005PRl/2 10064053 CCStAAtS PROCESSOR (2. 361
20050U1I2 10064052 OUTPUT UNIT (2. 361

7
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Table 1. Mis sian Module Equipment List (contd)

REF NO. DR~WING NO. ITEM '" SECT

.*** 2005 COMMAND COMPUTER SUBSYSTEM ***.

2005PS1/2
?OO';~1/2

200~PRlnp,

ZOO~PR} I2PA
20050UI1ZP6

100640!il
100640';4
10070911-3
10070971-2
10070973-1

POWER SUPPLY (21
C(S/AACS MFMORY (?I
JUMPFR PLUn P, 121
JUMPER PLU~ PA 121
JUMPER PLUG P6 IZI

361
~61

'61
..,61
361

*.*. Z006 FLIGHT DATA SUBSYSTEM .***

2006Al
Z006A2
20U6A3
2006A4
20u6A5
2006A6
2006A7

-- 111 .1006A8

10064061
10064062
10064063
10064064
10064065
10064066.
10064067
10064068

POWER CONVERTfR
ENGINEERING TREES AND ADC
ENGINEERING LOGIC
MEMORIES
PROCESSOR
SCiENCE 1/0 LOGIC
TIMING LOGIC
RS CODER

362
362
362
362
362
362
362
367

**** 2007 ATTITUDE AND ARTICULATION CONTROL SUBSYSTEM **.*

20071S1
20C71fl/2l3
2007551
Z007CTl/?
2007PR1/2
2007HLI/2
2007HPI/Z
2007MI1Z
2007SAI1Z
Z007CEI
2007(EZ
2007PR1/2P8

10064074
1006407!i
10070996
1006Z349
10064053
10064072
10064071
10064054
1006Z2~8

10064076
10064077
10070973-4

INERTIAL SENSOR SUBASSY
INERTIAL ELFCT,RONICS SUBASSY AlBIC 131
SUN SENSOR
CANOPUS STAR TRACKERS (ZI
CCS/AACS PROCESSOR (21
HYBIC LOGIC SUBASSY IZI
HYBIC POWER SURASSY 121
((S/AACS MEMORY 121·
SCAN ACTUATOR AZ/EL IZI
CAPTURE FLFCTRONICS SUBASSY
CAPTURE ELECTRONICS SURASSY
JUMPER PLUG P8 IZI

343
343
343
343
361
34'3
343
361
343
343
343
34'3

**** Z008 PYROTECHNIC SUBSYSTEM ****

2008PSll/1Z 10066868 SEPARATION ISOLATION VALVE SQUIBS IZI
2008Al 10068395 PYRO SWITCHING UNIT
2008PPI 100681Z3 MAGNETOMETER BOOM RELEASE SQUIB 121 .

SQll2
2008SQIRD 1006812Z MISSION MODULE SEPARATION SQUIB 141

1-4
2008SQZRD 100681Z2 MISSION MODULE SEPARATION SQUle 141

1-4

**** Z009 CABLING SUBSYSTEM **••

345
345
34'5

345

345

-- ... 2009
2009
2009Wl
2009W2
2009W3
2009W4
2009W5
2009W6

10073419
10076916
10063961
10063962
10063963
10063964
1006396';
10063966-1

GROUND WIRE.UPPER RING CABLE SUPPORT
ACCELEROMETER AMPL CALIB SHORTING CONN
UPPER RING SI~NAL HARNESS
RFS TWT HARNESS
MDS DIRECT ACCESS HARNESS
POWER HARNESS
CCS HARNESS
FOS I-fARNE"SS

8

352
352
352
352
3S?
352
352
352
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Table 1. Mission Module Equipment List (contd)

**** 2009 CABLING SUBSYSTEM ****

**** 2010 PROPULSION SUBSYSTEM ****

REF NO.

2009W6
200?W7
2009W7
2009W8
2009W9
2009W13

-. 2009W14
2009W15
2009W16
2009W17
20v9W20
2009W22
2009W23
2009W24
2009W25
2009W30
2009W31
2009W32
2009W33
2009W34
2009W35
2009W36
2009W37
2009W38
2009W40A/BI

C
?009W41
l009W43
2009W44
2009W45
2009W46
2009W47
20C9W48.
2009W49
2009W50
2009W51
2009W52
2009W53
2009W55
2009W57
2009W58
2009W68
2009W77
2009W78 .

2010
2010Al
2010A2I3
2010A4-7
2010"8,10

12-17

DRAWING NO.

10063966-2
10063967-1
10063967-2
10063968
1006396<)
10063973
10063974
10063915
10063976
10063977
10073394
10063982
10073387
10063984
10063985
10063990
10063991
100l\3992
10063993
100639~4

10063995
10063996
10063997
10063998
10073380

100733131
10073383
10073384
10073385
10073386
10073387
10073388
10073389
10073390
10073391
10073392
10073393
10073395
10073397
10063979
10063983
10073398
10063986

10062265
10073602
10073615
10073616
10065398-1

ITEM

FDS HARNESS
HYPACF HARNESS
HYPACF HARNF'SS
PYRO DISTRIAUTION HARN~SS

UPPER RING powE~ HAR~F.SS

DSS DIRECT ACCESS HARNESS
RFS DISCHARGF CONTROL CABLF ASSY
PLATFORM ACTUATOR HARNESS
DSS HARNESS
TcAPU INSTRUMENTATION AND CONTROL HARNESS
MM R.F. MONITOR CABLE
RFS TRANSPONDFR HARNESS
PwS GROUNDING STRAP
SHUNT RADIATOR HARNESS
PLATFORM ACTUATOR BOOM HARNESS
PLATEORM SCIFNCE HARNESS
MAGNETOMETER INTERCONNECT HARNESS
CRUISE SCIENCF HARNESS
MAGNETOMETER DIRECT ACCESS HARNESS
PLATFORM SCIENCE BOOM HARNESS
MAGNETOMETER BOOM CABLE
ISS INTERCONNECT HARNESS
IRIS POWER INTERCONNECT HARNESS
TCAPU PYRO HARNESS
RTG CABLE

POWER DIRECT ACCESS HARNESS
ISS DIRECT ACCESS HARNESS
RTG POWER ROOM CABLE
RTG POWER BUS CABLE
RTG INSTRUMENTATION CABLE
DRIRU HARNESS
MM ADAPTER PYRO HARNESS
MM ADAPTER RING HARNFSS
MM ADAPTER SIGNAL HARNESS
MM ADAPTER RF MONITOR HARNESS
RFS BAY 9 DIRECT ACCESS HARNESS
RFS BAy 1 DIRECT ACCESS HARNESS
CCS'INTERCONNECT HARNESS
DRIRU OIRECJ AC(F'SS HARNESS
MM IRIS INSTR PYRO HARNESS
SCI BOOM IRIS INSTR PYRO HARNESS
HYPACE DIRECT ACCESS HARNESS
SCI PLATFORM IRIS INSTR PYRO HARNESS

TRAJECTORY CORRECTION + ATTITUDE PROP UNIT
PROPELLANT TAN~ ASSEMRLY
PROPELLANT CONTROL ASSEMBLY 121
ISOLATION VALVE,LATCHING 141

THRUSTER/VALVE ASSY W/PRESSURE TRANSDUCER

9

·SECT

352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352

352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352
352

344
344
344
344

181 344
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Table 1. Mission Module Equipment List (contd)

REF NO. DRAWING NO. ITEM • SECT

•••• 2010 PROPULSION SUBSYSTEM ••••

l010A9.1l
11-21

2010TTl-1
20101'1
2010BF11

10065398-2

10078U2
10016818

THRUSTER/VALVE ASSY 181

TFMPFRATlIRfl' TRAN\"tI<'F" 11'
PWH,AACS + PROP OLEED ASSY'
PROP BLEED + FUSE ASSV

•••• 2011 TEMPERATURE CONTROL SUBSYSTFM ••••

.2011 10062295 RTG PLUME SHIELD
*2011 10073928-1 RADIOISOTOPE HEATER UNIT
.2011 10073936-1 LOUVER ASSV,SINGLE BLADE
··2011 10073936-2 LOUVER ASSV.DOURLE BLADE
... 2011 10073958-1 LOUVER ASSY.BUS.2

/., .·2011 .10077710-1 THERMAL SHIFLD INSTALL.CRUISE SUN SENSOR 121
.. 2011 10077713-1 PLASMA BLANKf'T
"'2011 10077713-2 PLASMA 8LANKJ:'T
.·2011 10077713-3 PLASMA BLANKET
.2011 10077713-4 PLASMA BLANI(ET
* 2011 10077716-1 HYDRAZINE DISCONNECT BLANKET
* 2011 10077717-1 SUN SENSOR BLANKET
.. 2011 10077717-2 SUN SENSOR BLANKET
* 2011 10077718-1 MAGNETOMFTER BLANKET
* 2011 10077718-2 MAGNETOMETER BLANKET
* 2011 10077718-3 ~AGNETOMETER BLANKETI21
.2011 10077718-4 MAGNFTOMETER BLANKET
* 2011 10071718-5 MAGNETOMETER BLANKETI21
*2011 10077718-6 MAGNETOMFTER BLANKETI21
.20'11 10077719-1 PRA/PWS BLANKFT
*2011 10077719-2 PRA/PWS BLANKET
*2011 10077719-3 PRA/PWS BLANI(FT
*2011 10077721-1 MAGNETOMETER SUPPORT TRUSS BLANKET
*2011 10077721-2 MAGNETOMFTER SUPPORT TRUSS BLANKET
*2011 lC077721-3 ~AGNETOMETER SUPPORT TRUSS BLANKE'T
$2011 10077722-1 SCiENCE BOOM SUPPORT TRUSS BLANKET
*2011 10077722-2 SCIENCE BOOM SUPPORT TRUSS BLANKET
*2011 10077722-3 SCiENCE BOOM SUPPORT TRUSS BLANKET
*2011 10077722-4 SCiENCE BOOM SUPPORT TRUSS BLANKET
.2011 10077722-5 SCIENCE BOOM SUPPORT TRUSS BLANKET
*~Oll 1007772-'-1 HI GAIN ANTFNNA SUPPORT TRUSS BLANKET 121

:*lOll 10017773-2 HI GAIN ANTFNNA SUPPORT TRUSS RLANKET 121
*2011 10077723-3 HI GAIN ANTENNA SUPPORT TRUSS ALANKFT 121

,*2011 10077724-1 MISSION MODULE TRUSS BLANKFT
*2011 10077724-2 MISSION MODULE TRUSS BLANKET 121
*2011 10077724-3 MISSION MODULE TRUSS RLANKFT
.2011 10077724-4 MlssrON MODULE TRUSS BLANKET
*2011 10077724-5 MlssrON MOOULF TRUSS BLANKET
*2011 10077124-6 MISSION MODULE TRUSS BLANKET
*2011 10077724-7 MISSION MODULE TRUSS BLANKET
*2011 10077724-8 MISSION MOOULF TRUSS BLANKET
*2011 10077724-9 MISSION MODULr TRUSS'RLANKFT
*2011 10077724-10 MISSION MODULE TRUSS RLANKFT
*2011 10077724-11 MISSION MODULE TRUSS BLANKET
*2011 10077724-12 MISSION MOOULE TRUSS BLANKET

10

352
352
352
352
352
35'
353
353
353
353
353
353
353
353
353
353
353
353
35'
353
353
353
353
353
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353
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353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
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Table 1. Mis sion Module Equipment List (contd)

REF NO. DRAWING NO. ITEM * SECT

**** 2011 TEMPERATURE CONTROL SUBSYSTEM ****
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*lOll
*lOll
*2011
*2011
*201 ]
*2011
*2011
*2011
*2011
*2011
·2011
*2011
*2011
*2011
"'2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*2011
*20\1
*2011
*2011
*2011
*2011
*2011
*'-011
*,l011
*2011

10077724-13
10077724-14
10077724-15
10077724-16
10077725-1
10077725-2
10077725-3
10077725-4
10077725-5
10077725-6
10077725-7
10077725-8
10077725-9
10077725-10
10077726-1
10077726-2
10077726-3
10077727-1
10077727-2
10077727-3
10077727-4
10077727-5
10077728-1
10077718-2
10077728-3
10077728-4
10077728-5
10077728-6
10077728-7
10077728-8
10077730-1
10077730-2
10077730-3
10077730-4
10077730-5
10077730-6
10077730-7
10077731-1
10077732-1
10077737-2
10077733-1
10077733-2
10077733-3
10017733-4
10077733-5
10077733-6
10077733-7
10077733-8
10077733-9
10077733-10
10077733-11
10077733-12

MISSION MODULE TRUSS BLANKFT
MISSION MOnULF TRUSS BLANKET
MISSION MODULE TRUSS BLANKET
MISSION MonULE TRUSS BLANKET
BUS BLANKET
BUS BLANKET
BUS BLANKET
BUS BLANKET
BUS BLANKET
BUS BLANKET
BUS BLANKET
BUS BLANKET
BUS BLANKET
BUS BLANKF.T
TIVA BLANKET (41
TIVA BLANKF.T (81
TtVA 9LANKET (41
LECP BLANKET
LECP BLANKET
LECP BLANKET
LECP BLANKET
LECP BLANKET
CRS BLANKET
CRS BLANKET
CRS BLANKET
CRS BLANKET
CRS BLANKET
CRS BLANKET
CRS 8LANKFT
CRS BLANKET
THERMAL BLANKET WRAP
THERMAL BLANKET WRAP
THERMAL BLANKF.T WRAP
THERMAL BLANKET WRAP
THERMAL BLANKET WRAP
THE~AL BLANKET WRAP
THERMAL BLANKFT WRAP
BLANKET RETAINER,SCAN PLATFORM'
BOOM SUPPORT STRUT BLANKET
BOOM SUPPORT STRUT BLANKET
SCAN PLATFORM BLANKET
SCAN PLATFORM BLANKET
SCAN PLATFORM BLANKET
SCAN PLATFORM BLANKET
SCAN PLATFORM BLANKET
SCAN PLATFORM BLANKET
SCAN PLATFORM BLANKET
SCAN PLATFORM BLANKET
SCAN PLATFORM BLANKET (21
SCAN PLATFORM BLANKET
SCAN PLATFORM BLANKET
SCAN PLATFORM BLANKET

11

353
353
353
353
353
353
353
353
353
353
353
353
353
353
35,3
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
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Table 1. Mis sian Module Equipment List (contd)

•••• 2011 TEMPERATURF CONTROL SUBSYSTFM ****

REF NO.

... 2011
... 201 J
*2011
*2011
... 2011
.2011
.2011
~2011

...,2011
* 2011
.. 2011
'112011
* 2011
* 2011
* 2011
* 2011
*2011
* 2011
$'2011
*2011
*'2011
>Ie ?011
* lOll
*2011
*2011
*2011

- *2011

DRAWING NO.

10077731-1 ]
100777~'-14
10077733-15
10077733-16
10077733-17
10077733-18
10077734-1
10071734-2
10077735-1
10077736-1
10077736-2
10077736-3
10071736-4
10071736-5
10077736-6
1007173A-l
10077738-2
100777~8-3

10077738-4
1007773>8-5
10071738-6
10071738-7
100777~A-8

10077739-1
10077740-1
1007774:'-1
10077742-2

ITEM

SCAN PLATfORM RLANKFT
SCAN IILATF'OfolM IILANKrT
SCAN PLATFORM BLANKET
SCAN PLATFORM BLANKET
SCAN PLATFORM BLANKET
SCAN PLATFORM BLANKET
PROPELLANT ·TANK BLANKET
PROPELLANT TANK BLANKET
SUN SENSOR CABLE SUPPORT STRUT BLANKET
THRUSTER BRACKET BLANKET
THRUSTER BRACKET BLANKFT
THRUSTER BRACKET BLANKET
THRUSTER BRACKET BLANKET
THRUSTER BRACKET BLANKET
THRUSTER BRACKET BLANKET
BUS BLANKET ATTACH STRIP 1131
BUS BLANKFT ATTACH STRIP 1131
BUS BLANKET ATTACH STRIP 1131
BUS BLANKET ATTACH STRIP 1131
BUS BLANKET ATTACH STRIP 1131
BUS BLANKET ATTACH STRIP 1131
BUS BLANKET ATTACH STRIP 1131
BUS BLANKET ATTACH STRIP 1131
RTG CABLF BLANKET
MAG CABLE BLANKET
SCiENCE BOOM CABLE BLANKET
SCIENCE BOOM CARLE BLANKET

* SECT

,~,,,,,
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353
353

**** 2012 MECHANICAL DEVICES SUBSYSTEM ****

2012
2012
2012
2012
2012PP1
2012
2012
2012SS1
2012RS1
2012ROl-4
2012MBl
2012
2012

10078719-1
10078719-2
10062292-1
1006:'292-2
10028045-4
10077857
10075562
10062289-1
10062289-2
10077638
10062280
10076577-1
10076517-2

RTG THERMAL RELEASE
RTG THERMAL RELEASE
BOOM DEPLOYMENT MECH,RTG
BOOM DEPLOYMENT MECH,SCI
HOUSING ASSY PINPULLER MAG BOOM
STRUT ASSY,AIPOD
RATE LIMITER ASSY,MAG BOOM
SCIENCE BOOM FOLDING STRUT
RTG BOOM FOLDING STRUT
RELEASE NUTS WITHOUT SQUIBS 141
MAG BOOM + SUPT STRU ASSY
SUPPORT TRUSS ASSY,SCIENCE BOOM
SUPPORT TRUSS ASSY,SCIENCE BOOM

352
352
352
352
352
35:'
352
352
352
352
352
352
352

**** 2016 DATA STORAGE SUBSYSTEM ****

2016A1
2016A2
2016A3
2016A4

10065436
10064092
10064093
10064094

DATA STORAGE TRANSPORT SUBASSEMBLY
TACH CHANNEL AND PLAYBACK SUOASSEMBLY
RECORD AND CONTROL LOGIC SUBASSEMBLY
POWER SUPPLY AND MOTOR DRIVER SUAASSF.MBLY

12

361
361
361
361
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Table 1. Mission Module Equipment List (contd)

~EF NO. DRAWING NO. ITEM • SECT

**** 2017 SIX RAND ANTENNA SUBSYSTEM ****

2011HLl 10061800 HGILG ANTENNA ASSY H"
2017W2 10067837 HIGH GAIN ANTENNA LOWER CABLE 336

2017W3 10061860 HIGH GAIN ANT~NNA RHCP UPPER WAVF.(;UIDE ASSY 336
2017W4 10061857 HIGH GAIN ANTFNNA RHCP LOW~R WAVF.GUIDF. ASSY 336
2017W5 10067858 HIGH GAIN ANTENNA LHCP UPPER WAVEGUIDE ASSY 336
2011W6 10061863 HIGH GAIN ANTENNA LHCp·LOWfR WAVEGUIDE ASSY 336
2017W8 10061839 LOW GAIN ANTENNA LOWER CABLE ASSY 336

**** 2021 COSMIC RAy SUBSYSTEM ****

2021A1 10062249 COSMIC RAY ASSY 316

**** 2022 PLANETARY RADIO ASTRONOMY SURSYSTEM ****

20221\1
-·.2022A2

10062252
20510-01-0100

PRA RECEIVER
ANTENNA BRACKET ASSY

316
316

*••• ZOZ3 PLASMA WAVE SUBSYSTEM .**.

2023Al 10062251 PLASMA WAVE ASSY 316

*.*. Z025 LOW ENERGY CHARGED PARTICLE SUBSYSTEM ••••

2025Al 10062248 LOW ENERGY CHARGED PARTICLE ASSY 316

***. 2027 PHOTOPOLARIMETER SUBSYSTEM ****

2021Al
2021AZ

10062243
10062301

PHOTOPOLARIMFTER ASSY
BREWSTER PLATE

316
316

**** 2032 PLASMA SUBSYSTEM ****

2032Al 10062247 PLASMA ASSY 316

**** 2034 ULTRAVIOLET SPECTROMETER SUBSYSTFM ****

l0341\1 10062242 ULTRAVIOLET. SPECTROMETER ASSY 316

**** 20~5 MAGNETOMETER SUBSYSTEM ****

2035EAl
2035FDI
20351Hl
20350Hl
20351Ll
20350Ll

10064082
10064081 .
10062253
10062254
10062255
10062256

ANALOG ELECTRONICS SUeASSY
DIGITAL FLECTRONICS SUBASSY
INBOARD HIGH FIELD SENSOR
OUTBOARD HIGH FIELD SENSOR
INBOARD LOW FIELD SENSOR
OUTBOARD LOW FIELD SFNSOR

316
316
316
316
316
316

**** 2036 IMAGING SCIENCE SUBSYSTEM ****

2036
2036A2
2036A4
203646

10062250
10075670
10075670
1146100

WIDE ANGLE CAMERA ASSY
OPTICS ASSY
FILTER WHEEL SHUTTER ASSY
CAMERA HEAD

13
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321
321
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Table 1. Mission Module Equpment List (contd)

REF NO. DRAWING NO • ITEM '. SECT

•••• 20'6 IMAGING SCIENCE SUBSYSTEM ••••

2036
2036Al
2036A5
203t.A3
2036EAl
2036EA2
2036EA3
::!036EA4

10062300
10063302
1146100
10063355
10062257
10062257
10062258
10062258

NARROW ANGLE CAMERA ASSY
OPTICS ASSY
CAMERA HEAD
FILTER WHF.FL SHUTTER ASSY

SUPPORT ELECTRONICS 'NARROW ANGLE)
SUPPORT ELECTRONICS IWIDE ANGLEI
POWER SUPPLY INARROW ANGLE)
POWER SUPPLY 'WIDE ANGLE)

321
321
321
321
321
311
321
321

•••• 20~9 INFRARED INTERFEROMETER SPECTROMETER AND RADIOMETER SUBSYSTEM ••••

2039Al
2039A2
2039A3

'-* 2039A4

2039Al
2039A2
2039A3

10062244
10062246
10062245
10062310

10062259
10062303
10062304

INFRARED INTERFEROMETER SPECT + RADIOMETER
ELECTRONICS
POWER SUPPLY
DEPLOYABLE COVER

MIRIS INSTRUMENT
MIRIS ELECTRONICS
MIRIS POWER SUPPLY

ASY 316
316
316
31"6

316
316
316

•••• 2050 SySTEM FASTENERS + BRACKETS ••••

2050 NIA SYSTEM FASTENERS + BRACKETS

14

352
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Table 2. Propulsion Module Equipment List

REF NO. DRAWING NO. ITEM • SECT

nn ;?OOI STRUCTURE SUBSYSTEM **..

200) .
- * 2001

10062233
10082114

PROP MODULE STRUCTURE ASSY
PM BALLAST

352
352

***1 2004 POWER SUBSYSTEM IIII

2004A17 10062275 SILVER-ZINC PROP BATTERY 342

*111 2007 ATTITUDE AND ARTICULATION CONTROL SUBSYSTEM .,*,

2007RDI ,10062276 AACS REMOTE DRIVER MODULE 343

*1** 2008 PYROTECHNlr SURSYSTEM ***,

2008161/2 10062302 SOLID'MOTOR tC,NITFR SQUIRS 121
2008SQIPP 10068123 RTG BOOM LATCH SQUIB 141

3-6
200eSQ2Pp 10068123 RTG BOOM LATCH SQUIB (4)

3-6
2008551 10039!H9 SCAN PLATFORM LATCH SQUIB

*,.. 2009 CABLING SUBSYSTEM *••,

2009WI0' 10063970 PM RF MONITOR
2009Wll 10063971 PM 'RING HARNESS
2009W12 10063972 PM IPU HARNESS
2009W18 10063978 PM PYRO HARNESS

.*.* 2010 PROPULSION SUBSYSTEM *1"

345
345

340;

345

352
352
352
352

2010
2010"26
2010A27-30
2010A31-34

* 2010TTI-7
2010811
2010FIZ

10062270
10062277
10066092
10073586

10078421
10077851

INJECTION PROPULSION UNIT
SOLID ROCKET MOTOR
ROCKET ENGINF ASSY 141
ROCKET FNGINE ASSY ROLL 141

TEMPERATURE TRANSDUCER 171
PROP BLEED ASSY
PROP FUSE ASSY

344
344
344
344
344
344
344

**** 2011 TEMPERATURE CONTROL SUBSYSTEM ***.

I * 2011 10062212 SCAN PLATFORM PLUME SHIELD ASSY
- * 2011 10077720-1 IPU BLANKET

* ZOll 10077720-2 IPU BLANKET
* 2011 10077720-3 IPU BLANKET
-2011 10077720-4 IPU BLANKET 141
'UOll 10077720-5 IPU BLANKET (4)
*2011 10077720-6 IPU 8LANKF:T 141
*2011 10077720-7 IPU BLANKET 141
*2011 10077720-8 IPU BLANKET 14)
*ZOll' 10077720-9 IPU BLANKET (2)
UOll 10077720-10 IPU BLANKET 121
*2011 10077720-11 IPU BLANKET

I

*ZOl1 10077720-12 ' IPU BLANKET
*2011 10077720,.n IPU BLANKET

15

352
353
353
353
353
353
35'
353
353
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353
353
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Table Z. Propulsion Module Equipment List (contd)

REF NO. DRAWING NO. ITEM • SECT

•••• 2012 MECHANICAL DEVICES SUBSYSTEM ••*.
2012
2017.
2012
2012PP3-6
2012
2012
2012
2012
2012
2012RVl
2012PTl
2012

·2012

10062296
10076111-1
10076111-2
10076112
10040032
10040070
10058670
10051291-1
10051291-2
10032606
100';6284
10062305
10082018

SCIENCE BOOM LATCH
SEPARATION DEViCE ASSY RTG
SEPARATION DEVICE ASSY RTG
HOUSINr, ASSY PINPULLER RTG WIO SQUIR 141
RELEASE ROLTS /41
BOLT CATCHFR HOUSING /41
BOLT CATCHER SLFEVES /41
SEPARATION SPRINGS-3
SEPARATION SPRING
MANIFOLD ASSY SCIENCE PLATFORM LATCH
PRESS TRANSDUCER SCIENCE PLATFORM LATCH
PMITVC DAMPER ASSY
PLUME SHIELD,RTG,PROP MODULE

352
352
352
352
352
352
352
352
352
352
352
352
352

•••• 2050 SYSTEM FASTENERS + BRACKETS ••**
2050 N/A SYSTEM FASTENERS + BRACKETS

16

352
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Table 3. Adapter Equipment List

REF NO. DRAWING NO. ITEM • SECT

•••• 2001 STRUCTURE SUBSYSTEM ••••

lOUI
2001
ZOOI
?001ACI-6

-*lOOIAAI-6
- .2001AA7

10062232
10067.214
10062297
10078566
100252(,;1-7
1002526'-3

ADAPTURE STRUCT ASSY
SC/LV SEPARATION BAND
ENVIRONMENTAL BAFFLE FRAME ASSY
ACCELEROMETER 161
ACCELEROMETER AMPLIFIER (61
ACCELEROMETER AMPLIFIER

352
352
352
351
351
351

•••• 2004 POWER SU~SYSTEM •••*
* 20C4
* 2004

N15A217A
N15F210A

LONG RANGE BEACON
SHORT RANGE REACON

342
342

•••• 2008 PYROTECHNIC SUBSYSTEM .*••
2008BISQ1/2 10076044
Z008R1SQ3/4 10076045
2008 1234388

DETONATOR ASSV R.H. 121
DETONATOR ASSY L.H. 121
PyRO ELEMENTS S/C/LV SEP BAND

345
345
345

UU 2009 CABLING SURSYSTEM U.*

2009W28
2009W2Q
2009W27

10063988
10063989
10063987

ADAPTER PYRO HARNESS
ADAPTER RING HARNESS
ADAPTER RF MONITOR

352
352
352

•••• Z010 PROPULSION SUBSYSTEM *•••
2010F2Q 10079581 PYRO FUSE ASSY 344

•••• 2011 TEMPERA TURF CONTROL SUR~YSTEM .*•.
2011 10062298 ENVIRONMENTAL BAFFLE FABRIC

- * 2011 10077732-1 ADAPTER BLA-..KET

•••• 2012 MECHANICAL DEVICES SUBSYSTEM ••••

2012 10050097 SEPARATION SPRING ASSY 13J

•••• 2050 SYSTEM FASTENERS + BRACKETS ••••

353
353

352

2050 N/A SYSTEM FASTENERS +'BRACKETS

17

352
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' Table 4. Spacecra f t  Mass  Allocations 

- 

Spacecra f t  and Adapter 
(Launch) 

Adapter 

Spacecraf t  
(Pre - In jec t ion)  

Solid Prope l lan t  
and Iner t s  

Hydr az ine 

Spacecra f t  
( P r e -  Je t t i son)  

Hydr az  ine Holdup 

Burned Out P / M  

M / M  (Pos t -  Je t t i son)  

Hydr az  ine and 
P r e s s u r a n t  

M / M  End of Miss ion 

Spacecra f t  

,,. 
'2, 062. 06 

*2, 015 .48  

9 5 5 .  52 

( k i l og rams )  

Adapter 

46. 58 

46 .58  

Mission 
Module 

8 0 6 . 6 8  

14. 07 

0. 61  

792 .00  

91.  1 9  

700 .81  

Allocated 

Propuls ion  
Module 

*1 ,208 .80  

"1, 045. 89  

162. 91 
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Table  5 .  Subsys tem M a s s  Allocations 

Subsys tem 

S t ruc tu r e  

Radio F requency  

Modulation Demodulation 

Power  

Computer  Command 

Fl ight  Data  

Attitude and Articulat ion Control  

Pyro techn ic  

Cabling 

Propuls ion  

T e m p e r a t u r e  Control  

Mechanical  Devices  

Data  S to rage  

S I X  Band Antenna 

Cosmic  Ray 

P l ane t a ry  Radio Astronomy 

P l a s m a  Wave 

Low Ene rgy  Charged P a r t i c l e  

Pho topo la r imete r  

P l a s m a  

Ultraviolet  Spec t rome te r  

Magnetometer  

Imaging Science 

Modified In f ra red  In t e r f e rome te r  
Spec t rome te r  and Radiomete r  

Sys t em 

Allocated 

Mis s  ion 
Module 

*149 .78  

::: 43 .62  

9 .  60 

137.  52 

15 .50  

::: 16. 89 

* 4 2 . 7 9  

4 . 7 3  

" 47.  28 

* 35 .68  

* 17 .88  

:% 18. 16 

1 5 . 6 9  

* 5 . 6 5  

7 .  1 3  

7. 35 

1 . 5 4  

* 7 . 5 7  

3 .74 

* 10 .21  

4 . 4 3  

5 . 7 3  

* 39 .48  

* 25. 02 

5 .27 

M a s s  

Propuls ion  
Module 

"44. 04 

2 .  32 

1.  61 

0. 1 4  

3.11 

*'96. 82 

*12. 63  

* 9 .12  

0. 98 

(k i lograms)  

Adapter 

34.48 

1 . 5 4  

2 . 2 0  

0. 02 

* 3 . 8 4  

1 .  50 

0 . 4 6  
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REVISION P A G E  

I 

C o m m e n t s  

T a b l e s  1 ,  2 ,  and  3 

T a b l e s  4 and 5 

T a b l e s  4 and 5 

T a b l e s  1 ,  2 ,  and 3 

R e v i s e  p e r  E C R s  
l i s t ed  

36716, 36737, 36681 I 

I 

E C R s  
I n c o r p o r a t e d  

36043,  36098, 36123 and 
361 53 

36043, 36052, 36054, 36064, 
36069, 36084, 36086, 36088, 
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SCOPE 

Purpose 

This document, in accordance with PD618-228, Spacecraft System 
Environmental Program Policy and Requirements Document, defines 
all environmental design requirements for the Mariner Jupiter / 
Saturn 1977 (MJS77) spacecraft and i ts  assemblies. The purpose of 
these design requirements i s  to assure the compatibility of each 
assembly design with the specified environments and corresponding 
mission mode. 

Applicability 

The requirements within this document have been established for  
spacecraft design purposes and a r e  not to be interpreted as  tes t  
requirements. These requirements, however, should never be 
exceeded by test  requirements; although in some instances they will 
be equivalent. 

The design requirements have been established for predicted space - 
craft environments. These environments have been grouped into 
three separate mission phases. The general categories a r e :  

a )  Ground Operations and Handling 

b) Launch 

c )  Flight (Post Propulsion Module Operations) 

Acceptable compatibility with the design requirements shall be dem- 
onstrated by tes t  or  analyses (as  defined in PD618-260, Environ- 
mental Test  and Analysis Configuration Document, and PD6 18 -228). 
Appendix A associates the verification tests  in PD618-260 with the 
design requirements of this document. 

If any requirements specified in this document conflict with state - 
of-the-art hardware development or if  they should impose excessive 
costs, major design penalties or operational restrictions beyond 
those already as  s umed for overall mission design, the Environmen.ta1 
Requirements Engineer and Spacecraft System Engineer should be 
informed. An example is  a science instrument detector that must 
be maintained with a narrower temperature or  relative humidity 
range than specified in this document to preserve its functional 
characteristics.  

Spacecraft equipment i s  referred to a s  "assemblies. " Assemblies 
a r e  defined a s  spacecraft elements that a r e  installed or replaced om 
the spacecraft a s  discrete equipment items and a r e  carried a s  
provisional spares.  The MJS77 spacecraft assemblies fulfilling this 
cr i ter ia  a r e  identified in PD618-260. 



APPLICABLE DOCUMENTS 

The following documents f o r m  a pa r t  of th is  Functional  Requirement .  

NOTE 

MJS77-3-100, Spacecra f t  Requi rements  and Cons t ra in t s ,  
appl ies  to t h i s  document.  Requi rements  of o ther  MJS77 
level  3 documents  m a y  a l so  be applicable.  It  i s  the 
responsibi l i ty  of the u s e r  to adequately acquaint  himself  
with the  organizat ion and pert inent content of the level  3 
documents ,  a s  well a s  with the ma te r i a l  contained herein .  

REQUIREMENTS 

J e t  Propuls ion  Labo ra to ry  

MJS77- 3- 100 Functional  Requi rement ,  Mar ine r  
Jup i te r  /Saturn 1977 Spacecraf t  
Requi rements  and Constra ints  

MJS77-3-260 Funct ional  Requirement ,  Mar iner  
Jup i t e r /  Saturn 1977 E lec t r i c a l  Ground- 

DOCUMENTS ing and Interfacing 

J e t  Propuls ion  Labo ra to ry  

PD618-228 Mar ine r  Jup i te r ISa turn  1977 Spacecra f t  
System Environment  P r o g r a m  Pol icy 
and Requirements  

Mar ine r  Jupi ter  /Sa turn  1977 Spacecraf t  
Sys t em Environmental  T e s t  and Analysis  
Configuration Document 

Mar ine r  Jupi ter  /Sa tu rn  1977 Spacec ra f t  
Sys t em Elec t romagne t ic  Compatibil i ty 
Contr 01 Requi rements  Document 

Mar ine r  ~ u ~ i t e r  / s a t u r n  1977 Spacecraf t  
Sys t em Magnetic Contr 01 Requi rements  
Document 

Air  F o r c e  

T .  0. 00 .25 .203  Standards  and Guidelines for the Design 
and Operat ion of Cleanrooms and 
Supplemental  Devices 

ENVIRONMENTAL DESIGN REQUIREMENTS 

The  des ign  of flight equipment sha l l  p e r m i t  environmental  test ing 
of the equipment i n  the a s sembly ,  subsys tem,  and s y s t e m  configu- 
ra t ions  a s  defined i n  PD618-260. Any schedule ,  des ign o r  
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operational impacts  resurting f rom this requirement  shal l  be 
brought to  the attention of the Environmental Requirements Engineer 
and the Spacecraft  Systems Engineer.  If the miss ion  mode does not 
requi re  the assembly  to  function during a n  environmental exposure,  
the assembly  sha l l  be designed t o  endure the environment without 
degradation. 

Assembly, handling, and shipping environments shall  be constrained 
such that  the launch and flight environmental design requirements  
a r e  not exceeded. The Spacecraft  Subsystem/Assembly Cognizant 
Engineer i s  responsible fo r  controlling environmental exposure of 
spacecraf t  assembl ies  pr ior  to  Spacecraft  Assembly Faci l i ty  (SAF) 
delivery. The MJS77 System Tes t  and Operations Manager is 
r e s  ponsible fo r  controlling environments within SAF and Air F o r c e  
E a s t e r n  T e s t  Range (AFETR) assembly  and t e s t  facil i t ies assigned 
to  MJS77. 

Ground Operations and Handling Environmental 
Design Reauirements  

Ground operations and handling environmental requirements  include 
those environments that MJS77 flight equipment will encounter 
during assembly  level  fabrication and testing and during sys tem 
fabrication and functional testing until launch a t  AFETR. Ground 
handIing will include t ransportat ion and s torage of the equipment in  
shipping containers.  

3.1.1 Part iculate  Contamination 

The flight equipment external  sur faces  shal l  be designed to  be 
cleanable with isopropyl alcohol. Other J P L  approved cleaning 
agents m a y  be used if the i r  usage i s  coordinated in  advance with 
the Environmental Requirements Engineer to  a s  s u r e  compatibility 
with Pro jec t  P lane tary  Quarantine (P. Q. ) requirements.  The 
flight equipment sha l l  b e  designed to opera te  in clean work a r e a s  
o r  work station requirements  a s  prescr ibed  in Ai r  F o r c e  Docu- 
ment, Standards and Guidelines f o r  the Design and Operation of 
Cleanrooms and Supplemental Devices, T. 0. 00.25.203, Sec- 
tions I11 and V through IX. 

3.1.2 Tempera ture  and P r e s s u r e  

Tempera ture  and p res su re  ranges a r e  specified in Tables 1 and 2 
for  ground handling operations. Design requirements  for  controlled 
and uncontrolled environments a r e  contained in the tables. 

3. 1. 2. 1 Controlled T e m p e r a t u r e / P r e s s u r e  Environment. A controlled 
environment ex is t s  when the tempera ture  and p res su re  ranges a r e  
maintained within specified, res t r ic t ive  l imits .  MJS77 assembl ies  
should be designed and res t r ic ted  to  the controlled environment 
l imi ts  of Table 1 unless not possible o r  cost effective t o  do so. If 
hardware  constraints  requi re  tempera ture  l imi ts  inside the Table 1 
rknges, '  special  active the rma l  control devices /procedures  m a y  be 
necessary.  

7 



Table 1. Ground Handling T e m p e r a t u r e  and P r e s s u r e  
(Controlled L imi t s  ) 

Uncontrolled T e m p e r a t u r e / P r e s s u r e  Environment .  Table  2 spec i -  
f i es  environment  e x t r e m e s  tha t  encompass  uncontrolled t e m p e r a t u r e  / 
p r e s s u r e  ranges  fo r  a l l  c l imates  and handling al t i tudes.  If these  
design r equ i r emen t s  a r e  a s sumed ,  des ign ver i f ica t ion t e s t s  will be 
mandatory.  

T e m p e r a t u r e  Range 

5 t o  45°C 

Trans i en t :  5 "C/Hr .  

Table  2. Ground Handling T e m p e r a t u r e  and P r e s s u r e s  
(Uncontrolled Limi t s  ) 

P r e s s u r e  Range 

4 
7 X 10 N / m 2  (520 t o r r )  to  

5 
1 X 10 ~ / m ~  (760 t o r r )  

3 .  1.3 Humidity 

T e m p e r a t u r e  Range 

-40 t o  +70°C 

Trans ien t :  15"C/Hr.  

Relative humidity ranges  a r e  specified i n  Tables  3 and 4 fo r  ground 
handling operations.  Design requ i rements  fo r  controlled and 
uncontrolled humidity l eve l s  a r e  contained i n  the tables .  

P r e s s u r e  Range 

4 
1 .2  X 10 N / m 2  (87. 5 t o r r )  t o  

1 X l o 5  N / m 2  (760 t o r r )  

3 .  1. 3. 1 Controlled Humidity. A control led humidity environment  ex i s t s  
when the  levels  a r e  const ra ined within r e s t r i c t i ve  l imi t s  a s  
specified in  Table  3. MJS77 a s s e m b l i e s  should be designed and 
r e s t r i c t e d  t o  t he se  l im i t s  unless not possible o r  cos t  effective to  
do so .  

Table  3. Humidity (Controlled Limi t s  ) 

3. 1 .3 .2  Uncontrolled Humidity. Uncontrolled humidity ranges  a r e  specified 
i n  Table 4 and encompass  all ambient  conditions. If t he se  design 
requ i rements  a r e  a s sumed ,  des ign verif ication t e s t s  will be 
mandatory.  

Relative Humidity 

70% 

T e m p e r a t u r e  Range 

5 to  45°C 
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Table  4. Humidity (Uncontrolled L imi t s )  

3. 1.4 Shipping and Transpor ta t ion  Vibrat ion 

v 

Relat ive  Humidity 

100% 

Shipping containers  f o r  spacec ra f t  equipment  sha l l  be designed s o  
tha t  f l ight  a s s e m b l i e s  in  the  con ta iners  sha l l  be subjected t o  a n  
environment  no m o r e  s e v e r e  than  tha t  specif ied i n  pa rag raph  
3.2.2.2 when the  acce l e r a t i on  leve l s  of Tab le  5 a r e  imposed  on 
t h e i r  conta iners .  These  l eve l s  a s s u m e  the  use  of c o m m e r c i a l  
t r ucks  and a i r c r a f t  with p roper  placement  and s ecu r ing  of the  
con ta iners  within the  vehicle. 

T e m p e r a t u r e  Range 

-40 t o  70°C 

Table  5. Acce le ra t ion  Levels  f o r  Shipping 
and T r a n s  por ta t ion Vibrat ion 

*Standard acce l e r a t i on  due t o  g r av i t y  - 980.665 c m / s  2 

F requency  
(Hz 

2 .5  t o  35  

35 t o  48 

48 t o  500 

3 .1 .5  Shipping and T r a n s  por ta t ion Shock 

Acce le ra t ion  Leve l  
(*G pk) 

1 .3  

3.0 

5. 0 

Fl ight  a s s e m b l i e s  in  shipping con ta iners  sha l l  be subjected t o  shock  
e n v i r o ~ m e n t s  no g r e a t e r  than  that  specified i n  paragraph  3. 2.6, 
when the  shipping container  i s  subjected t o  the  applicable d r o p  
heights in  Table 6. 

Table  6. Drop  Heights f o r  Shipping and Transpor ta t ion  Shock 
(C omme  r cia1 Handling) 

Total  M a s s  
of 

Assembly  and Container  
Drop  Height 

(kg) 

0 t o  9.1 
9 .1  t o  22.7 

22. 7 to  113. 6 
113.6 t o  227.3 

2227.3 

( c m )  

107 
91 
76 
61 
48 

(lb) 

(0 t o  20) 
(20 t o  50) 
(50 t o  250) 

(250 t o  500) 
(2500) 

! 

( in)  

(42 
(36) 
(30) 
(24) 
(18) 



3. 1. 6 E lec t romagne t ic  and Magnetic In te r fe rence  Requi rements  

This  paragraph  and paragraphs  3.2.8 and 3 .3 .8  contains min imum 
e lec t romagne t ic  and magnetic r equ i r emen t s  that  new and inher i ted 
flight ha rdware  m u s t  be cornpatable with. If the  equipment can  be 
designed a t  reasonable  cos t  with e lec t romagne t ic  and magnet ic  
cha rac t e r i s t i c s  that  a r e  supe r io r  t o  those  based on the min imum 
design r equ i r emen t s ,  the  Environmental  Requi rements  Engineer  
and the  Spacecra f t  Sys tem Engineer  should be s o  app ra i s ed  of th is  
capabil i ty and the  addit ional  cos t  involved. 

The spacecra f t  a s s e m b l i e s  shal l  a l s o  be designed consis tent  with 
MJS77-3-260, E l ec t r i c a l  Grounding and Interfacing,  and 
PD618-26 1, E lec t romagne t ic  Compatibil i ty Control  Requi rements .  

3. 1. 6. 1 Magnetic F ie ld  Res t r a in t s .  All m i s s ion  module flight hardware  
sha l l  be designed t o  sa t i s fy  s t a t i c  and dynamic magnet ic  f ield 
r e s t r a i n t s  given below. Magnetic des ign prac t ices  a r e  contained 
i n  P r o j e c t  Document 618-262, Magnetic Control  Requirements .  

3. 1. 6. 1. 1 Stat ic Magnetic Fie lds .  The  flight a s s e m b l i e s  sha l l  be designed to  
function within specif icat ion a f t e r  exposure  t o  magnet ic  f ie lds  of 
5 .0  m T  (50 Gauss )  which will be exper ienced during TA pe rm-depe rm -". 
ope ra t ions .  

Stat ic magnet ic  f ie lds  generated by permanent  magnets ,  s teady-s ta te  
c i rcu i t s ,  etc.  , in  Miss ion Module (MM) equipment shal l  b e  l imi ted 
to  the  l eve l s  given i n  Table  7. All  flight h a r d w a r e  will b e  designed 
to ope ra t e  within specif icat ion a f t e r  being demagnet ized by  a 4 m T  
(peak)  (40 Gauss )  f ield p r i o r  to f inal  magnet ic  field m e a s u r e m e n t s .  

Table 7. P o s t  Demagnetization:: Stat ic Magnetic Fie ld  
Res t r a in t s  f o r  Miss ion  Module Assembl i e s  

- 

.L -8 .  

4 .  0 m T  ( P e a k )  Demagnetization 

Ha rdware  

Complete Subsys tems  Mounted 
Together  i n  a Bay 

Scan P l a t f o r m  Ins t ruments  

Each  R T G  

All  Other  Assembl ies  

Maximum Allowable Radial  Magnetic 
F ie ld  nT (gamma)  one m e t e r  f r o m  

cen te r  of assembly  

New Hardware  

10 

20 

15 

5 

Inher i ted Hardware  

40 

3 0  

NA 

5 



Dynamic Magnetic Field. Slowly varying ( less  than 10 Hz) . 

discrete frequency magnetic fields in MM equipment shall 
not exceed 10 nT (p-p) at one meter f rom the center of any 
assembly. The magnetic field of any assembly shall not 
change by more  than 113 of its static field requirement o r  
5 nT at 1 m, whichever i s  larger, a s  the result of its current 
field, mode changes, or mechanical movement of magnetic 
devices. 

Electromagnetic Compatibility. Electrical and electronic 
assemblies and subsystems shall be designed to operate 
reliably with electromagnetic compatibility in the spacecraft  
environment per the requirements specified below. 

Interference Suscentibilitv 

Signal Circuit Conducted Transient Susceptibility. The input 
and outnut end circuits of ~ s h i e l d e d  digital circuits including 

I - - 
direct access inter-stage and umbilical, shall be immune to 
the transient pulse (both positive and negative) shown in 
Figure 1 and either the voltage o r  current (whichever occurs 
f i rs t  in test)  given in Table 8 during the "1" state, the "0" 
state and the transitional states from "1" to I t O "  o r  I1O" to 
I 1  1". 

All unshielded intersubsystem analog input and output end- 
circuits,  including direct access and umbilical shall also be 
immune to the transient pulse depicted in Figure 1 and 
Table 8. 

Ground Line Conducted Transient Susce~tibi l i tv.  Each ele c- 
tronic assembly externally referenced circuit common shall 
be immune to pulses of both positive and negative polarity, as  
shown in Figure 1 of 3 V peak or 0. 3 A peak, whichever 
occurs f irst ,  injected in ser ies  with circuit common between 
the subsystem and support equipment. In demonstration, the 
circuit return t ree  shall not be connected. Subsystems 
wherein the circuit common is  normally referenced internally 
to chassis  a r e  not subject to this requirement. 

DC Power Line Susceptibility. All subsystems utilizing 
spacecraft regulated DC powe r shall be immune to sinusoidal 
signals of 100 mV p-p from 30 Hz to 50 kHz superimposed on 
the DC voltage. These subsystems shall also be immune to 
positive and negative transients shown in Figure 1 of t10 V 
and -10 V when caused to appear between the power lead and 
its return. 

Interference Emission 

Signal Circuit Conducted Emission. Conducted electrical 
noise is  defined a s  any short-term voltage deviation from 
the expectea signal, emitted from the output end-circuit, 



o r i g i n a t i n g  wi th in  the  send ing  s u b s y s t e m  and m e a s u r e d  
be tween  t h e  s i g n a l  and  t h e  r e t u r n  l i n e .  U n l e s s  o t h e r w i s e  
spec i f i ed  in  t he  a p p r o v e d  c i r c u i t  d a t a  s h e e t ,  s u c h  s h o r t - t e r m  
dev ia t ion  s h a l l  b e  wi th in  the  l i m i t  shown on  the c i r c u i t  d a t a  
s h e e t  and  not  m o r e  than  + 5  p e r c e n t  of the m a x i m u m  p e a k - t o -  
peak  vo l t age  of the  e x p e c t e d  s i g n a l .  

VOLTAGE 
OR 

CURRENT 

10 PERCENT- - 
F i g u r e  1 .  T r a n s i e n t  T e s t  P u l s e  

T a b l e  8 .  Conducted  T r a n s i e n t  P u l s e  Suscep t ib i l i t y  

3. 1 .  6 .  2 .  2 .  2 DC P o w e r  L i n e  Conducted  E m i s s i o n .  Regu la t ed  d c  l o a d s  s h a l l  
not  i n t r o d u c e  a r ipp le  c u r r e n t  ( 3 U  H z  to 50 k H z )  whose  peak - to -  
peak  magn i tude  i s  g r e a t e r  t han  1  p e r c e n t  of the  a v e r a g e  s t eady- .  
s t a t e  c u r r e n t  when o p e r a t i n g  f r o m  a s o u r c e  with a d y n a m i c  

C i r c u i t  C l a s s i f i c a t i o n  

I n t e r  s u b s y s t e m ,  Quie t  
Untwis ted  
T w i s t e d  

I n t e r  s u b s y s t e m ,  N o i s y  
Untwis ted  
T w i s t e d  

P o w e r  ( S u b s y s t e m s  wi th  
d c  P o w e r  Input )  

P y r o  

D i r e c t  A c c e s s ,  U m b i l i c a l  
and  I n t e r s  t a g e  

:%Voltage o r  c u r r e n t  v a l u e ,  w h i c h e v e r  i s  f i r s t  r e a c h e d ,  a s  t e s t  pu l se  
a m p l i t u d e  i s  i n c r e a s e d .  

T r a n s i e n t  P u l s e  Amplitude::: 
(0  t o  P e a k )  

t l ,  - 1  V  
t o .  3, -0.  3  V  

t 3 ,  -3  V  
t 1 ,  - 1  V  

+ l o  V, -10  V 

NA 

t 3 ,  - 3  V 

t100 ,  - 100 m A  
t 3 0 ,  -30 m A  

t300 ,  -300  m A  
t 1 0 0 ,  - 100 m A  

NA 

NA 

t 3 0 0 ,  -300  m A  



impedance of l e s s  than 0 . 1  ohm up to 5 kHz and Zes s than 
1 .0  ohm f r o m  5 kHz to 50 kHz. (Reference MJS77-3-100, 
paragraph 3 .6 .2 .3  h). 

3 .  1. 6. 2 . 2 .  3 R F  Radiated Emiss ion .  R F  radiated interference,  a s  measured a t  
one me te r ,  shall  not exceed the levels described in Table 9. 
~ r a n s m i t t k r s  a r e  exempt f rom these requirements  a t  the i r  a s  signed 
output frequencies . 

Table 9 .  RF Radiated Emission 

Launch Environmental Design Requirements 

R F  Emission Limits  Measured 
a t  1 m Distance 

The Launch Environmental Design Requirements consis t  of the 
environments that the spacecraf t  will encounter during on-pad and 
launch operations through the propulsion module operations a f te r  
launch. 

Frequency Range 
(MH z 

5 to 10, 000 (except a s  noted below 
and in para.  3.3. 10.2. 2. 3 )  

2050 to 2160 

1860 to 1870 

Explosive Atmosphere 

Field Intensity 
( d ~ m / m ~ )  

-40 

- 140 

- 7 5  

Flight assembl ies  shal l  be designed to  operate without igniting an  
explosive atmosphere existing within the p res su re ,  tempera ture  
and auto ignition tempera ture  ranges of Table 10. 

Table 10. Range of Explosive Atmosphere Physical  Charac ter i s t ics  

Explosive Atmosphere 
Physical  Character ' ist ics 

P r e s s u r e  

Tempera ture  

Auto-Ignition Tempera ture  

Chemical Constituents 

Range 

4 2 1 . 3 3  X 10 N / m  (100 t o r r )  to  
5 2 

1.06 X 10 N / m  (800 t o r r )  

5 t o  4 5 O ~  

350 t o  750°C 

Hydrogen (fuel) and a i r  (oxidizer) 
combined in any potentially explosive 
mixture ratio. 



3.2.2 Sinusoidal Vibration 

3. 2. 2. 1 Spacecraft. Launch Vehicle (LV) and Propulsion Module (PM) 
induced t ransient  environments a r e  presented a s  a sinusoidal 
vibration requirement specified in Figure 2. The design require-  
ment vibration sweeprate i s  2 oct /min (up and down in frequency). 
Spacecraft s t ruc tura l  interaction with the boost vehicle resu l t s  in 
levels that a r e  enveloped by the MJS77-3-240 sine vibration 
requirements .  This spectrum is derived a s  an input to the MM 
bus p r i m a r y  s t ruc ture  near  the adapter lbus attach points for MM 
design purposes and i s  applicable to the PM /Centaur interface 
attach point for  P M  design purposes.  

The application of the Figure 2 vibration spectrum to spacecraft  
s t ruc ture  design i s  defined in MJS77-3- 190, Structural Design 
Cr i te r ia .  P r i m a r y  s t ruc ture  ( s t ruc tura l  elements supporting 
hardware weighing 22. 7 kg o r  m o r e )  i s  designed by flight loads 
analysis for s t ruc tura l  frequencies of 40 Hz o r  less .  The loads 
analysis i s  based on spacecraft  t ransient  environments occur"r.ing 
during the launch phase of the mission. Above 40 Hz the spec t rum 
of Figure 2, MJS77-3-240 i s  the design cr i te r ia .  Secondary 
s t ruc ture  (al l  other s t ruc ture)  i s  to be designed with the 
MJS77-3-240 c r i t e r i a  throughout the specified frequency range. 

3. 2. 2. 2 Spacecraft Assemblies.  Sinusoidal vibration requirements  for  
assembl ies  a r e  presented in Table 11. These levels should be 
assumed at the assembly mounting points in any direction with a 
sweep ra te  of 2 oct lmin.  

Table 11. Sinusoidal Vibration Levels 

3. 2. 3 Random Vibration 

Frequency 
( H z )  

5 to 17 

17 to 2000 

3. 2. 3. 1 Spacecraft .  The launch and aerodynamic acoustic field induced 
mechanical vibration design requirement  i s  specified a s  Gaussian 
random vibration in ~ i ~ u r e  3.  he spectrum-specified in Figure 3 
shall be assumed fo r  design considerations. The total  exposure 
t ime design requirement i s  3 min applicable to launch thrus t  
axis and al l  l a te ra l  axes. 

::'Double Amplitude - 

Acceleration Level 
Bus As semblie s 

1. 02 c m  ( 0 . 4  in. ) DA::' 

4. 5 Grms 

Frequency 
(Hz)  

5 to 23 

23 to 100 

100 to 2000 

Acceleration Level - 
Propulsion Module 

As semblie s and 
Other Assemblies 

1. 02 c m  (0. 4 in. ) DA::: 

8 '  O G r m s  

4. 5 Grms 



F i g u r e  2. Sinusoidal Vibration 

1 02 

: lo1- 
E 
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i 
0 
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A 
YI 
U u 
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lo0 

10-I 

2.5 

I I 

*DOUBLE AMPLITUDE. 
**STANDARD ACCELERATION DUE 

TO GRAVITY - 980.665 CM/S~, 

- 

- - 

5 

I 1 
10 100 lo00 

FREQUENCY, HZ 



BUS A N D  SCAN PLATFORM ASSEMBLIES 
AND SYSTEM (OVERALL 8.3 GMS) .  

-- - OTHER ASSEMBLIES (OVERALL 1 1 . 1  GRMS)" 

ROLLOFF IS 24 DB/OCT OR GREATER ABOVE 
2000 HZ AND BELOW 25 HZ. 

STANDARD ACCELERATION DUE TO GRAVITY - 
980.665 CM/S~ . 

(k ~ i ~ u r e  3.  Random Vibra t ion  Spectra  
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3. 2. 3. 2 Spacecraft Assemblies. The Gaussian random vibration 
requirements a r e  contained in Figure 3. They a r e  derived a s  an 
input to the assembly mounting points in any direction. The flight 
equipment shall be capable of 3 min of random vibration exposure - - 
in each of any three axes including axes of maximum response. 

Acoustic 

The acoustic requirement for assemblies and the spacecraft con- 
s is ts  of a reverberant acoustic field of 143 dB with 1/3  octave 
band sound pressure levels a s  specified in Table 12. The expo- 
sure time design requirement i s  3 min. 

Static Acceleration 

Launch static acceleration design requirements a r e  shown in 
Table 13 for the spacecraft system and assemblies. 

P~ ro t echn ic  Shock. The pyrotechnic shock requirements consist 
of the shock spectra in Figures 4A and 4B. These spectra cover 
the Spacecraft / Launch Vehicle separation environment and the 
MM/PM separation. The equipment designer should select the 
applicable shock spectra based on i ts  location o r  specific designa- 
tion a s  indicated on the shock spectra curves. For design pur- 
poses, the waveform of the transient defined by the shock spectra 
may be assumed to be exponentially decaying complex sinusoids 
with approximate decay time of 7 ms .  

Launch Profile Pressure  Decay 

The spacecraft and flight assemblies shall be designed for an 
atmospheric pressure  reduction rate with a maximum of 
8.65 x 103 *1. 06 x 103 ( N / ~ ~ ) / s E C  (65. 0 *8 t o r r l s ec )  beginning 
f rom a rate of l ess  than 1. 33 X 103 ( N / ~ ~ ) / S E C  (10. 0 t o r r / s ec )  
and returning to a rate of less  than 1. 33 x 103 ( N / ~ ~ ) / S E C  in a 
period of less  than 5. 0 s .  

3. 2. 8 Electromagnetic - and Magnetic Interference Requirements 

3. 2. 8. 1 Magnetic Field Restraints.  All MM flight hardware shall be 
aesigned to satisfy static and dynamic magnetic field restraints  
during the launch phase a s  specified below. 

3 .  2. 8. 1, 1 Static Magnetic Fields. Static magnetic fields generated by 
permanent magnets, steady-state circuits, etc. , in MM equipment 
shall be limited to the levels given in Table 7. 



MJS77-3-240A 

Table 12. Acoustic Sound P r e s s u r e  Levels 

Center Frequency Sound P r e s s u r e  Level 
(dB ref 2 X dynes /cm ) 

Overall  

3 .2 .  8 .  1. 2 Dynamic Magnetic Field 

See paragraph 3 .  1. 6. 1 . 2 .  

3 .  2 .  8. 2 Electromagnetic Compatibility 

See paragraph 3 .  1 . 6 . 2 .  
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Table 13. Static Acceleration Levels 

3 . 2 . 8 . 2 .  1 Interference Susceptibilitv 

Direction 

Thrus t  Axis 

Any Latera l  Axis 

3 . 2 .  8 . 2 .  1. 1 Signal Circui t  Conducted Transient  Susceptibility 

~ c c e l e r  ation" (G) 

t 1 2  

-4 

*2 

See paragraph 3 .1 .6 .2 .  1. 1. 

::: 2 Standard accelerat ion due to gravity - 980.665 c m / s  . 

Ground Line Conducted Trans ient  Susceptibility 

See paragraph 3. 1. 6 . 2 .  1 .2 .  

3. 2. 8. 2, 1. 3 DC Power Line Susceptibility 

See paragraph 3. 1. 6. 2. 1 .  3. 

3 . 2 .  8 . 2 ,  1 . 4  R F  Radiated Susceptibility 

Flight equipment shal l  withstand the R F  radiated environment 
descr ibed i n  Table 14. 

Table 14. R F  Radiation Susceptibility 

Interference Emiss ion  

Frequency Range, MHz 

2220 to 2302 

5600 to 5800 

8402 to 8434 

3. 2. 8. 2. 2. 1 Signal Circuit  Conducted Emission 

R F  Power Density, W / m  
2 

5. 0 avg 

120 peak 

0. 7 5  avg 

See paragraph 3.  1.6.  2. 2. 1. 



/ / ,, $CAN PLATFORM 
AAOUNTED EQL I P N ~ E ~  T 
AND RTG'5 

I 
Y I ,  

FREQUENCY (Hz) 

"RADIAL DISTANCE I N  BAY WIDTHS FROM BUS/MM-PM 
TRUSS ATTACH POINTS 

NOTE: SPECTRA BASED O N  SEPARATION NUTS AT BASE OF TRUSS AND 
SUPER ZIP DEVICE FOR SPACECRAFT/LAUNCH VEHICLE SEPARATION 

Figure 4A. Bus Mounted, Scan Pla t form Equipment and R T G s  
Pyrotechnic Shock Spectra ( Q  = 20)  



FREQUENCY (Hz) 

NOTE: SPECTRA BASED O N  SEPARATION NUTS AT BASE OF TRUSS AND 
SUPER ZIP DEVICE FOR SPACECRAFT/LAUNCH VEHICLE SEPARATION 

Figure 4B.  Propulsion Subsystem Equipment Pyrotechnic 
Shock Spectra (Q = 20) 



++ 3. 2. 8. 2. 2. 2 DC Power Line Conducted Emission 

See paragraph 3. 1. 6. 2. 2. 2. 

+& 3. 2. 8. 2. 2. 3 R F  Radiated Emission 

See paragraph 3. I .  6. 2. 2. 3. 

3. 2. 9 Radioisotope Thermoelectr ic  Generator  ( R  TG) Radiation 

See paragraphs 3. 3. 7 and 3. 3 .7 .  1. 

3.2. 10 R.adioisotope Heater Unit (RHU) R.adiation 

See paragraphs 3. 3. 7 and 3. 3 .  7. 2 .  

3. 3 Mission Module Flight Environmental Desinn Reauirements 

These requirements  consist  of the environments that the MM will 
encounter af ter  i t s  separation f rom the L V  and PM operations 
have been accomplished. 

Thermal  Radiation 

Exposed portions of the MM and flight assemblies  shall  be  designed 
to withstand the limiting thermal  radiation design levels specified 
in Table 15.  The percentages of the so lar  constant associated with 
wavelengths shor t e r  than A in the wavelength range of 0. 085 to 
7. 00 microns a r e  given in Table 16. 

Temperature 

The flight assembl ies  shall  be designed to withstand temperature 
requirements  based on type approval ( T A )  t e s t  requirements.  It i s  
anticipated that most  MJS77 electronics will have a T A  tes t  
requirement  of -20 to t75OC. The recommended design margin  
i s  10°C in excess  of the TA tes t  requirements .  The designer may 
exceed the recommended design margin  a t  his discretion. T e m -  
pera ture  requirements  for assembl ies  which will have levels 
different than the above range will be specified by the Environ- 
mental Requirements Engineer a s  required by subsystem 
schedules . 

3 . 3 . 3  Vacuum 

3 . 3 . 3 .  1 Ambient P r e s s u r e .  The design p r e s s u r e s  for the mission range 
f r o m  1 X 105 N / ~ Z  (760 t o r r )  to 1 .3  X 10-12 ~ / m 2  ( 1  X 10-14 t o r r ) .  

3 . 3 . 3 . 2  Radiation P ressu re .  The MM and i ts  assemblies  shal l  be designed 
to function within the radiation p r e s s u r e  on the sunlit s ide of the -- 
MM a s  specified in F igure  5 for  the c ru i se  and encounter sequences 
of the mission. I 



Table 15. Thermal  Radiation Design Requirements  

Direct  Solar 

Radiation 

Ear th  Reflected 

Radiation 

Jupi ter  Reflected 

Radiation 

Saturn Reflected 

Radiation 

Ear th  IR 

Radiation 

Jupi ter  IR 

Radiation 

Saturn IR 

Radiation 

Limiting Thermal  Radiation Levels 

Design Minimum Flux 

( m w  ern-') 

0 

Design Maximum Flux 
(mwcrn-') 

163.0 

0 0 .03  

Effective Black Body Tempera tures  

Design Minimum 
Tempera ture  , 

(OK) 

9 1 

Design Maximum 
Tempera ture  

(OK) 

103 
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Table 16.  Solar Spectral  I r rad iance  Data 0. 0850 to 7 .  0 Microns 

( p m )  

0 . 0 8 5 0  
0 .  0900 
0 .  0950 
0.  1000 
0 .  1050 
0 .  1100 
0 . 1 1 5 0  
0 .  1200 
0 .  1250 
0 .  1300 
0 .  1350 
0 .  1400 
0.  1450 
0.  1500 
0.  1550 
0.  1600 
0 .  1650 
0 .  1700 
0 .  1750 
0 .  1800 
0 .  1850 
0 .  1900 
0 .  1950 
0 . 2 0 0 0  
0 . 2 0 5 0  
0 . 2 1 0 0  
0 . 2 1 5 0  
0 . 2 2  
0 . 2 2 5  
0.  23 
0 . 2 3 5  
0.  24 
0 .  245 
0 .  25 
0 .  255 
0 .  26 
0 . 2 6 5  
0 .  27 
0 .  275 
0 .  28 
0 .  285 
0 .  29 
0 . 2 9 5  
0.  30 
0 . 3 0 5  
0 .  31 
0 . 3 1 5  
0.  32 
0 . 3 2 5  
0 . 3 3  
0 . 3 3 5  
0 . 3 4  
0 . 3 4 5  
0 . 3 5  
0 . 3 5 5  

\ ( p m )  i s  
s h o r t e r  than  

P (30) 

3 . 8  x l o - 4  
3 . 9  x 10-4 
4 .  0  x 10-4 
4 .  1  l o - 4  
4 .  2  x 
4 .  2  X 
4 .  3  x l o - 4  
4 . 4  x l o - 4  
4 .  7  x l o - 4  
4 . 9  x l o - 4  
5 .  2  x l o - 4  
5 . 4  x l o - 4  
5 . 6 ~  l o - 4  
5 . 8  x l o - 4  
6 .  3  x 10-4 
6 . 9  x 10-4 
8 . 2  x l o - 4  
1 . 0 1  x 10-3  
1 . 3 1  X  
1.  70 x l o 4  
2 . 3 3  x 
3 .  16 x l o - 3  
5 . 2  X  
8 .  1  X 10-3 
1 . 3 4  X lo- '  
2 . 0 5  X 10-2 
3 . 5 3  X  l o - 2  
0.  0502 
0 . 0 7 2 9  
0 . 0 9 7 2  
0 .  1205 
0. 1430 
0.  1681 
0.  1944 
0 . 2 2 6 7  
0  270 
0 .  328  
0 . 4 0 5  
0 . 4 8 6  
0.  564 
0 . 6 4 4  
0 . 8 1 1  
1 . 0 0 8  
1 . 2 1 1  
1 . 4 1 7  
1 .  656 
1 . 9 2 4  
2 . 2 1 9  
2 . 5 5 2  
2 . 9 2 8  
3 .  324 
3 . 7 2 2  
4 .  118 
4 .  517 
4 . 9 1 9  

wave leng th ;  and  P i s  t h e  
\ .  

( p m )  

0 .  36 
0 .  365 
0 .  37 
0 . 3 7 5  
0 .  38 
0 . 3 8 5  
0 .  39 
0 . 3 9 5  
0 .  4 0  
0 . 4 0 5  
0 .  4 1  
0 . 4 1 5  
0 .  42  
0 . 4 2 5  
0 . 4 3  
0 . 4 3 5  
0 . 4 4  
0 . 4 4 5  
0 . 4 5  
0 . 4 5 5  
0 .  46  
0 . 4 6 5  
0 . 4 7  
0 . 4 7 5  
0 .  4 8  
0 . 4 8 5  
0 . 4 9  
0 . 4 9 5  
0. 50 
0 . 5 0 5  
0 .  51 
0 .  515 
0 .  52 
0 .  525 
0 .  53 
0 . 5 3 5  
0.  54 
0 . 5 4 5  
0.  55 
0 . 5 5 5  
0.  56 
0.  565 
0 .  57 
0 . 5 7 5  
0 .  58 
0 .  585 
0 .  59 
0 . 5 9 5  
0 .  6 0  
0 .  61  
0 .  62 
0 .  63  
0 .  64 
0 .  6 5  
0 .  66 

p e r c e n t a g e  of t h e  

P (70) 

5 .  3  17 
5 .  723 
6 .  151 
6 .  583 
7 .  003 
7 . 4 1 3  
7 .  819 
8 . 2 4 2  
8 .  725 
9 .  293 
9 . 9 2 0  

10 .  572 
1 1 . 2 2 2  
1 1 . 8 5 8  
1 2 . 4 7 4  
13. 084 
13.  726 
1 4 . 4 1 5  
15.  141 
15.  892 
16.  653 
1 7 . 4 1 4  
18.  168 
18 .  921 
1 9 . 6 8 2  
2 0 . 4 3 0  
21.  156 
2 1 . 8 7 8  
2 2 . 5 9 9  
23 .  313 
24 .  015 
24 .  702 
25 .  379 
26 .  060 
26 .  743 
2 9 . 4 1 9  
2 8 .  084 
2 8 .  738 
2 9 . 3 8 1  
30.  017 
3 0 . 6 4 8  
3 1 . 2 7 6  
3 1 . 9 0 8  
32.  i 4 2  
33.  176 
3 3 . 8 0 9  
3 4 . 4 4 0  
3 5 . 0 6 5  
3 5 . 6 8 3  
36.  902 
3 8 . 0 9 8  
3 9 . 2 7 0  
4 0 . 4 2  1  
4 1 .  550 
42 .  658  

s o l a r  c o n s t a n t  a s s o c i a t e d  

( p m )  

0 .  6 7  
0 .  68  
0 .  69 
0 .  70 
0 .  71 

P (70) 

4 3 . 7 4 5  
4 4 .  816 
4 5 .  856 
4 6 .  880  
4 7 .  882 

0 .  72 ! 4 8 . 8 6 5  
0 .  73 4 9 .  827  
0 . 7 4  i 50 .  769 
0 . 7 5  j 5 1 . 6 9 1  
0 . 8 0  56 .  019 
0.  8 5  59 .  890  
0.  9 0  1 6 3 . 3 5 8  
0 . 9 5  6 6 .  544 
1 . 0  I 6 9 . 4 6 5  
1 . 1  I 7 4 . 4 0 9  
1 . 2  78.  386 
1 . 3  8 1 .  6 3 8  
1 . 4  8 4 .  343  
1 . 5  8 6 .  645  
1 . 6  8 8 . 6 0 7  
1 . 7  9 0 . 2 5 6  
1 . 8  91 .  590 
1 . 9  9 2 . 6 4 3  
2 . 0  9 3 . 4 8 9  
2 . 1  9 4 . 2 0 2  
2 . 2  94.  827  
2 . 3  9 5 .  370  
2 . 4  9 5 .  858  
2 . 5  9 6 .  294 
2 .  6  9 6 . 6 7 1  
2 . 7  9 7 .  007 
2 . 8  9 7 .  310 
2 . 9  9 7 .  584 
3 . 0  9 7 .  828  
3 . 1  '18. 038  
3 . 2  98.  2  18 
3 . 3  9 8 .  372 
3 . 4  9 8 .  i 0 5  
3 . 5  9 8 . 6 2 0  
3'. 6  9 8 .  724 
3 . 7  9 8 .  819  
3 . 8  98 .  906 
3 . 9  98.  985 
4 . 0  99.  058 
4 .  1  99.  125 
4 . 2  99 .  I86  
4 . 3  9 9 .  241 
4 . 4  99 .  291 
4 . 5  9 9 . 3 3 7  
4 . 6  9 9 . 3 7 9  
4 . 7  9 9 .  4  16 
4 . 8  9 9 . 4 5 0  
4 . 9  9 9 . 4 8 2  
5 . 0  9 9 . 5 1 1  
6 .  0  99 .  718 
7 . 0  9 9 .  819  

with w a v e l e n g t h s  
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* 3.3.4 Solid Par t ic les  

3.3.4. 1 Meteoroids. Meteoroid design fluences and particle charac ter i s t ics  
fo r  the MJS77 mission a r e  tabulated in Table 17. F o r  purposes of 

& - 
meteoroid shielding design, the total fluence fo r  any surface is  the 
fluence in Table 17 multiplied by the directional factor  (DF)  appro-  
pr iate  for  that surface.  D F  i s  given'as a function of the surface 
orientation in F igure  6 ;  longitude and latitude a r e  angular displace- 
ments of the surface normal  in a spacecraf t  centered coordinate 
system. Latitude i s  measured  f r o m  the plane paral le l  to the eclip- 
tic, the plane corresponding to 0 deg latitude. Longitude i s  mea-  
sured  in the plane of the ecliptic with the. spacecraf t  z-axis  c o r r e -  
sponding to 0 deg longitude. F o r  latitudes other than 0, *30, *60, 
*85, and *90 deg, l inear  interpolation between the values in F ig -  
u r e  6 should be used to determine DF. While exposed to this envi- 
ronment, the MM shal l  be designed to execute i t s  mission with a 
95 percent probability of success .  

*- 3.3.4.2 Saturn E(D' ) Ring Micrometeoroids.  The integral fluence s of 
par t ic les  whose m a s s  equals or  exceeds a par t icular  value within 
the range 10-9 to 103 g r a m s  a r e  l is ted in Table 18. The values a r e  
f o r  a single pas sage through Saturn 's  ring plane along a typical 
MJS77 trajectory.  Part ic le  density and mean relative velocity 
(Part ic les/Spacecraf t )  a r e  a l so  tabulated. The ent r ies  in second 
column assume  that a l l  ring part ic les  have the same m a s s  M and 
thus represent  an  upper l imit  to  the integral fluence. The ent r ies  
in third column a rb i t r a r i ly  a s sume  a s ize distribution caused by 
grinding and modified by other processes  which remove part ic les  
f r o m  Saturn's rings in cer ta in  m a s s  ranges.  The MM shal l  be 
designed to execute i ts  mission with a 95 percent or  g rea te r  proba- 
bility of success  in a single exposure to the column two environment. 
In the event this imposes a severe  design penalty, and waiver con- 
sideration must  include analysis  of both column two and three 
entr ies .  

The direction f r o m  which solid par t ic les  impact the mission module 
during Saturn ring plane crossing can be evaluated f r o m  the fact  
the par t ic les  a r e  in approximately c i rcu lar  orbits about Saturn. 
Three cases  a r e  important: 1 )  the inbound ring plane crossing for  
the JSI and JSG type t ra jec tor ies ;  2) the outbound ring plane c r o s s -  
ing fo r  the JSI and JSG type t ra jec tor ies ;  and 3)  the ring plane 
crossing fo r  the Uranus option. The range cone and clock angles 
which should be used to evaluate the particle impact hazard a r e  
specified in Table 19. 

Magnetic Field 

The MM shall  operate  a s  required in the magnetic fields defined 
below. 

3.3.5.1 Geomagnetic Field.  The maximum geomagnetic field i s  
5 x l o 4  nT (0.5 Gauss).  
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* 3 . 3 . 4  Solid Par t ic les  

3 . 3 . 4 .  1 Meteoroids. Meteoroid design fluences and particle charac ter i s t ics  
f o r  the MJS77 mission a r e  tabulated in Table 17. F o r  purposes of 
meteoroid shielding design, the total fluence fo r  any surface i s  the 
fluence in Table 17 multiplied by the directional factor  (DF) appro-  
pr iate  f o r  that surface.  DF i s  given'as a function of the surface 
orientation in F igure  6 ;  longitude and latitude a r e  angular displace- 
ments of the surface normal  in a spacecraf t  centered coordinate 
system. Latitude i s  measured  f r o m  the plane paral le l  to the eclip- 
tic, the plane corresponding to 0 deg latitude. Longitude i s  mea-  
sured in the plane of the ecliptic with the spacecraft  z-axis c o r r e -  
sponding to 0 deg longitude. F o r  latitudes other than 0, *30, *60, 
*85, and *90 deg, l inear  interpolation between the values in F ig-  
u r e  6 should be used to determine DF. While exposed to this envi- 
ronment, the MM shal l  be designed to execute i t s  mission with a 
95 percent  probability of success .  

*- 3 . 3 . 4 . 2  Saturn E(D1) Ring Micrometeoroids.  The integral fluences of 
par t ic les  whose m a s s  equals o r  exceeds a par t icular  value within 
the range 10-9 to  l o 3  a r e  l isted in Table 18. The values a r e  
fo r  a single passage through Saturn 's  ring plane along a typical 
MJS77 trajectory.  Part ic le  density and mean relative velocity 
(Part ic les/Spacecraf t )  a r e  a l so  tabulated. The ent r ies  in second 
column assume  that a l l  ring part ic les  have the same m a s s  M and 
thus represent  an  upper l imit  to the integral fluence. The ent r ies  
in third column a rb i t r a r i ly  a s sume  a s ize  distribution caused by 
grinding and modified by other processes  which remove part ic les  
f r o m  Saturn 's  rings in cer ta in  m a s s  ranges.  The MM shal l  be 
designed to  execute i ts  mission with a 95 percent or  g rea te r  proba- 
bility of success  in a single exposure to the column two environment. 
In the event this imposes a severe  design penalty, and waiver con- 
sideration must  include analysis  of both column two and three 
entr ies .  

The direction f r o m  which solid par t ic les  impact the mission module 
during Saturn ring plane crossing can be evaluated f r o m  the fact  
the par t ic les  a r e  in approximately c i rcu lar  orbits about Saturn. 
Three cases  a r e  important: 1)  the inbound ring plane crossing for  
the JSI and JSG type t ra jec tor ies ;  2 )  the outbound ring plane c r o s s -  
ing for  the JSI and JSG type t ra jec tor ies ;  and 3) the ring plane 
crossing fo r  the Uranus option. The range cone and clock angles 
which should be used to  evaluate the particle impact hazard a r e  
specified in Table 19. 

3.3.5 Magnetic F ie ld  

The MM shall  operate  a s  required in the magnetic fields defined 
below. 

3.3.5.1 Geomagnetic Field. The maximum geomagnetic field i s  
5 x l o 4  nT (0.5 Gauss).  



Table  17. Meteoro ids  

- 

P a r t i c l e  M a s s  . 
( g r a m s  ) 

1 0 - l o  

l o - 6  

l o - 2  

10 - I  

l o 0  

Mean  re la t ive  speed ( k m / s )  

3 P a r t i c l e  m a s s  dens i ty  ( g / c m  ) 

I n t eg ra l  F luences  
- 2 ( P a r t i c l e s  m of m a s s  

g r e a t e r  than M )  

2 . 0  x 10 3 

7 . 9  x 10 2 

8 . 8  

7 . 0  x 10 - I  

5 . 4  x 10-2  

2 . 6  x 

1 . 9  

1 . 0  

8 . 0  x 

14 

0 . 5  
., 



* Table 1 8 .  Saturn E Ring Par t ic le  Distribution 

* Table 19 .  Saturn E Ring Direction of Solid Par t ic le  Impact 
Relative to the Mission Module 

+ 

Integral Fluence Par t ic les  
- > M ( m - 2 )  

8 . 3  x 10  3  

8. 3  x 10 3  

8 . 3  x 10 
3  

3 .7  x 1 0  3  

1 . 0 ~  10  3  

2 . 0 ~  1 0  2  

2. 

2 . 1  

2 . 1  

2. 

2 . 1  

4 . 6  x 

Par t ic le  Mass,  
M ( g )  

1. 0  

1 . 0  x l o - 8  

1 . 4  x 

3 . 4  x loe8  

1. 0  

2 .7  

3 . 8  x 

3 . 9  l o e 7  

1. 0  

1 . 0  

2 .7  x 1 0  
2  

1 . 0  x 10  3  

Par t ic le  Density 1. 0  g / c m  
3  

Mean Relative Velocity 19  k m / s  

Integral Fluence Par t ic les  
- > M (rn-2)  

1 . 9  x 10 
4  

1 . 9  x 10  
4  

1 . 9  x 10 
4  

1.1 x 10 
4  

5 . 2 ~  10  
3  

2 . 6  x 10  3  

2 . 1  x 10 
3  

2 . 7  

2 . 7  

2 .7  

2 .7  

1.1 

Trajectory 

JSI- JSG Inbound 

JSI- JSG Outbound 

Uranus Option 

Cone Angle 

149 - + 10 

141  - + 20  

126 - + 15 

Clock Angle 

236 - + 5 

168 - + 20 

298 - + 10 



LONGITUDE, dcg 

F i g u r e  6. Meteoroid Directional Fac to r  a s  a Function of Surface Orientation 



3.3.5.2 Interplanetary Magnetic Field. The maximum interplanetary 
magnetic field is  25 nT (25 x Gauss) during the duration of 
the mission. 

3.3.5.3 Jupiter Magnetic Field. The maximum magnetic field at Jupiter 
during encounter is  3.7 x lo3  nT (0.037 Gauss). This limit of - 
planetary magnetic field a t  Jupiter is  to also be used for design 
purpose a t  Saturn. 

3.3.6 Natural Charged-Particle Radiation 

The MM assemblies shall be designed to function within specifica- 
tion during and after  exposure to Earth, Jupiter, and Saturn radia- 
tion belts, large solar proton events, solar wind proton and 
galactic cosmic radiation. 

The radiation design requirements for protons and electrons a r e  
specified in t e rms  of total radiation requirements to be satisfied 
considering a l l  natural radiation sources. 

Charged particle radiation levels a r e  specified in Table 19. The 
assemblies shall  function within specification during and after 
exposure to the total equivalent 20 MeV proton fluence and the 
total electron dose of 6 x 104 rad-Si. The assemblies shall also 
be designed for  functional compatibility, (considering rate effects) 
within the specified maximum peak equivalent 3 MeV electron flux 
and the maximum peak equivalent 20 MeV proton flux. 

The levels in Table 20 a r e  external (unshielded) environments con- 
taining no margins. Pa r t s  environments a r e  to be controlled by 
the application of shielding a s  required, to satisfy the established 
design margins. The radiation design margin is defined a s  the 
ratio of the surface, material  or  electronic piece part (or compo- 
nent) capability to the localized ambient environment. For  MJS77 
the radiation design margin for electrons i s  based str ict ly on dose 
since ionization is  the dominant damage mechanism. The electron 
dose radiation design margin for  engineering subsystems and the 
imaging subsystem is  two and for  the science instruments it is  a 
minimum of unity. The radiation design margin for  interference 
effects is related to charged particle flux and is  the same a s  defined 
above for the respective subsystems except for  the imaging sub- 
system where the radiation design margin is unity for  flux. For 
protons where displacement damage is  of most concern (except for 
exterior spacecraft  surfaces)  the radiation design margin is based 
on displacement fluence and is  the same as  applied to electron dose 
for  the subsystems listed. These design margins apply to al l  sub- 
system locations containing electronics. The minimum acceptable 
capability of parts  must be consistent with an electron dose of 
6 x 104 rad-Si, and a proton fluence of 1 x 10lo p /cm2 (20 MeV Eq. ). -- 
These levels and the design margin philosophy a r e  consistent with 
project imposed constraints on the anticipated weight penalty a t t r i -  
buted to shielding. The margins a r e  summarized below: 



* Table 20. charged Particle and Nuclear Radiation 

NOTE: A l l  Values Unshielded - Shielding will alter the local electronics environments significantly. 

Part icles  

protons* 

Electrons 
(Peak Values 
Selected) 

RTG AND RHU 
Neutrons 
(1.0 5 E 5 3.0 MeV) 

RTG and RHU 
Gamma 
(0.3 5 E 5 3.0 MeV) 

NOTE: 
*Proton flux and fluence assume a 1 MeV cutoff. Proton levels for true external surface problems a r e  higher than those 
above. The level is  3. 1 x 108 Rad (Si). 

**Value for  Scan Platform Instrument Location; for a l l  other locations contact Environmental Requirements Engineers. 
***Unshielded ionization dose level i s  really controlled by electron and proton environments above. 

Non-Bus Mounted Science hs t ruments '+~ 

Peak Flux 
( ~ m - ~ - ~ -  1) 
Unshielded 

9 x  10 7 

(E > 1 MeV) 

8 2 x  10 [ l l ~ j ]  
(E > 0.4 MeV) 
4 x 100Rad(~i ) / s  [ l l ~ j ]  

10 

350*** 

Bus Mounted Electronics and Science Instruments 

Fluenc e 
(cm-2) 

Unshielded 

5 x 10l2 
(20 MeV Eq) 

4 x lo1' [5Rj] 
(3 MeV Eq) 
2 x 105Rad(~i )  [ 9 . 5 ~  j] 

1 l o 9  

loo*** 
Rad (Si) 

Peak Flux 
( ~ m - 2 - ~ - 1 )  
Unshielded 

9 x  10 7 

(E > 1 MeV) 

2 x lo8 [ i i ~  ] 
(E > 0.4 ~ e d )  
4 x loORad(si)/s [ l lRJ]  

80 

3200 

Fluence 
(cm-2) 

Unshielded 

5 x 10 12 

(20 MeV Eq) 

4 x 10 [5RJ] 
12 

(3 MeV Eq) 
2 x 1 0 5 ~ a d ( ~ i ) [ 9 .  5Rj] 

1 x l o  
10 

1 lo3*** 
Rad (Si) 



~ l e c t r o n "  Proton Charged Part icle  
Subsystems Dose Fluence Flux 

Engineering 2 2 

Imaging 2 2 

Non-Imaging Science 1 1 

rr. -6. 

Surface effects have the same radiation design margins.  

Additional design information related to charged particle fluence 
and flux spectra  a s  a function of particle energy which is necessary  
for  shielding and other spectral  sensitive activities i s  presented 
in Appendix B. Figure B-1 depicts fluxes for  electrons and for  
protons with cutoffs of 0.4 and 1.0 MeV, respectively. Table B-1 
presents  integral and differential fluxes for  JSI t rajectories .  
E.valuations of low energy (<1 MeV) electron fluxes a t  other 
Jovian periapsis may differ f r o m  those in Table B- 1. If e.valua- 
tions a t  other periapsis a r e  being performed obtain new fluxes 
for  the proper R. f r o m  the Environmental Requirements Engineer. 

J 

Equivalent displacement damage factors  and fluence to ionization 
dose conversion factors  a s  a function of particle energy a r e  pre-  
sented in Appendix C. The curves a r e  necessary  to reduce elec-  
t ron and proton flux and fluence spectra to single/energy equiva- 
lent flux and fluence .values and total dose rate  and dose. 

The le.vels in Table 20 a r e  external  (unshielded) environments 
containing no margins.  P a r t s  environments a r e  to be controlled 
by the application of shielding a s  required, to satisfy the estab- 
lished design margins.  The radiation design margin i s  defined 
a s  the ratio of the surface, mater ia l  or electronic piece part  (or  
component) capability to the localized ambient environment. F o r  
MJS77 the radiation design margin for fluence for the engineering 
subsystems and the imaging subsystem i s  two and for the science 
instruments it i s  a minimum of unity. The radiation design m a r -  
gin for  flux is the same,  except f o r  the imaging subsystem where 
the radiation design margin i s  unity for  flux. These design m a r -  
gins apply to both electrons and protons. These shielded design 
margins apply to a l l  subsystem locations containing electronics. 
In addition to the displacement -fluence requirement for  electronics,  
there i s  a f i r m  requirement that no electronics location within the 
bus will be subjected to an  ionizing dose grea ter  than 62. 5 k rads 
(Si). The minimum acceptable capability of par ts  must be consist-  
ent with an  electron fluence of 5 x 1012 e /cm2 ( 3  MeV Eq.) and a 
proton fluence of 1 x 10lo  p/crn2 (20 MeV Eq. ). These levels and 
the design margin philosophy a r e  consistent with project imposed 
constraints on the anticipated weight penalty attributed to shielding. 



Additional design infbrmation related to charged particle fluence 
and flux spectra a s  a function of particle energy which is neces- 
sary  for shielding and other spectral sensitive activities is 
presented in Appendix B. 

Equivalent displacement damage factors and fluence to ionization 
dose conversion factors as  a function of particle energy a re  pre-  
sented in Appendix C. The curves a r e  necessary to reduce 
electron and proton flux and fluence spectra to single /energy 
equivalent flux and fluence values and total dose rate and dose. 

Nuclear Radiation 

Flight electronic assemblies shall be designed to function within 
specification during exposure to the neutrons and gammas emitted 
f rom the RTGs and RHUs a s  specified in Table 20. The neutron 
fluence and gamma dose design requirements a r e  integrated 
values over four years and a re  total spectrum values having an 
average energy in the ranges of 0.3 .s E 5 3.0 MeV fo-r gammas 
and 1.0 5 E 5 3.0 MeV for neutrons. The combined RTG and 
RHU radiation limits specified in Table 20 a r e  to he interpreted 
as  the minimum allowable threshold of spacecraft equipment 
susceptibility to nuclear radiation. The radiation contribution 
f rom both RTGs and RHUs must be considered to insure that an 
assembly will not be affected by the total radiation resulting from 
the 'RHUs andRTGs. Compatibilitywiththe totalnucfear radfa- 
tion environment must be demonstrated by analysis. Detailed 
radiation spectra needed for design analysis for  each of these 
radiation fields can be obtained by request from the Environmental 
Requirements Engineer. 

3. 3.  7. 1 Radioisotope Thermoelectric Generators (R TG) 

The R.TG radiation is  currently based on the HELIPAK RTG design 
and fuel that is  five years old at beginning and ten years old at end 
of mission plus one year, pure plutonium oxide with 1. 2 ppm 
(236 pu, 232 , and 228 Th) and a neutron source intensity of Y 7, 000 n/s-g  2 8 P u  at the fuel sphere level. A self multiplication 
factor of 1. 18 was used to obtain neutron source intensity at the 
R TG level. 

3. 3. 7. 2 Radioisotope Heater Unit (RHU) 

The RHU radiation is  currently based on a one-watt unit design 
with fuel that i s  five years old at the beginning and ten years old 
at .the end of mission plus one year, pure plutonium oxide with 
1 . 2 p p m ( 2 3 6 p u ,  232 and228Th)andaneut ronsource in ten-  
sity of 7,000 n / s -g  238bu .  MMJS77 spacecraft assemblies employ- 
ing R.HUs or  adjacent to RHUs shall be designed to function 
within the R.HU neutron and gamma radiation levels of Tabfe 21.  



MJS77-3-240A 

Table 21. RHU Neutron and G a m m a  Radiat ion 

3. 3. 8 Miss ion  Module E l ec t ro s t a t i c  Charge  Potent ia l  

Dis tance  
F r o m  

RHU ( c m )  

0 

2 

4 

6 

8 

10 

15 

2 0 

50 

100 

Maximum charging c u r r e n t s  equal  to  2 X 10 - lo  ~ / c r n ~  wil l  be 
exper ienced  dur ing Jup i te r  encounte r .  The  MM shal l  be 
des igned s o  that  the  m a x i m u m  dif ference of potential  between any 
two points  on the  MM su r f ace  does  not  exceed  10 V when these  
c u r r e n t s  a r e  conducted through the MM. 

Note: Known except ions  to  the above r equ i r emen t  wil l  be t r e a t ed  
on a n  individual b a s i s .  

Miss ion Module Fl ight  Dvnamic Envi ronments  

Neutron 

Dynamic env i ronments  of low magnitude will be genera ted  during 
MM t r a j e c t o r y  co r r ec t i on  maneuve r s .  F i g u r e  7 contains a 
random vibra t ion s p e c t r u m  fo r  the  s can  p la t fo rm and bus during 

P e a k  F1  
(cm-'-sy) 

3 . 1  x 10 2 

1 . 1  x 10 
2 

5 . 7  x 10 1 

3 . 1  x 10 
1 

1 . 9  X 10 
1 

1 . 3  X 10 
1 

5 . 7  X 10" 

3 . 2  X 10" 

6 . 4  x 10-1 

1. 8 x l o - '  

G a m m a  

F luence  
( ~ r n - ~ )  

3 . 9  x 10 
10 

1 . 4  x 10 10 

7 . 0  x 10 9 

3 . 9  x 10 9 

2 . 5  l o 9  

1 . 7  x 10 9 

7 . 4  X 10 8 

4 . 2  X l o 8  

8. 3 X l o 7  

2 . 3  x 10 7 

P e a k  F l u x  
(crn- ' -s - l )  

3.2 x 10 
3 

1 .3  x 10 
3 

6.4 x 10  2 

3.2 x 10 
2 

2 . 0 ~  10  
2 

1 .4  x 10 
2 

6 .4  x 10 
1 

3.2 x 10  
1 

6 . 0 ~  1 0 "  

1 . 6 ~  1 0 "  

F luence  
(R ad- Si)  

2 . 0 ~  10 
3 

8 . 0 ~ 1 0  
2 

4 . 0 ~ 1 0  2 

2 . 0 ~  10  
2 

1 . 3  x 10  2 

9 . 0 ~  1 0  
1 

4 . 0 ~ 1 0  
1 

2 . 0 ~ 1 0  
1 

4 . 0  x 1 0 "  

1 . 0  x 1 0 "  
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Figure  7. Random Vibration at BUS/ P la t form 
Due to  AACS Thrus te r s  



att i tude con t ro l  and t r a j ec to ry  co r r ec t i on  operat ions .  F igu re s  8 
and 9 contain s ine  vibrat ion spec t r a  a t  the  IRIS/MIRIS location 
(scan p la t fo rm)  and P L S  location ( scan  p la t fo rm boom).  Envi- 
ronments  a r e  given fo r  scan  actuator  ope ra to r  including low 
frequency environments  a t  the var ious  slewing r a t e s  and for  
operat ion of the  significant environment  producing sc ience 
ins t ruments ,  the  L E C P  (stepping) and the ISS (shut ter  and f i l t e r  
wheel operat ion) .  

3. 3 . 1 0  Elec t romagne t ic  and Magnetic In te r fe rence  Requi rements  

3 . 3 .  10. 1 Magnetic F i e ld  Res t ra in t s .  Al l  MM flight h a r d w a r e  sha l l  b e  
designed to sa t i s fy  s t a t i c  and dynamic magnet ic  field r e s t r a i n t s  
during t he  m i s s i o n  flight phase  a s  specif ied below. 

3 . 3 .  1Q. 1. 1 Stat ic Magnetic F i e ld s  

See pa rag raph  3 . 2 . 8 .  1.  1 

3 . 3 .  10. 1.  2 Dynamic Magnetic F ie ld  

See pa rag raph  3.  1 . 6 .  1 . 2  

3 . 3 .  1 0 . 2  E lec t romagne t ic  Compatibil i tv 

See pa rag raph  3.  1 . 6 . 2  

3 . 3 .  10 .2 .  1 In te r fe rence  Susceptibil i ty 

3 . 3 .  10 .2 .  1. 1 Signal Ci rcu i t  Conducted T rans i en t  Susceptibil i ty 

See pa rag raph  3.  1 . 6 . 2 .  1. 1 

3 .  3.  10 .2 .  1 . 2  Ground Line Conducted T rans i en t  Susceptibil i ty 

See pa rag raph  3.  1 . 6 . 2 .  1 . 2  

% 3. 3 .  10. 2. 1. 3 DC Power  Line Susceptibil i ty 

See paragraph  3. 1. 6.  2. 1. 3. 

3. 3. 10. 2. 1. 4 R F  Radiated Susceptibility. Flight  equipment shall  withstand 
the R F  radia ted environment  descr ibed  in Table  22. 

Table 22. R F  R.adiation Susceptibil i ty 

Frequency  Range,  MHz 

5 - 40 (Jovian Dekamet r ic  Radiation) 

R F  Power  Density,  ~ / m  
2 

0. 025 avg.  



F i g u r e  8. Fl ight  Dynamic Environment  a t  IRISjMIRIS 



FREQUENCY- HZ 

F i g u r e  9. D y n a m i c  E n v i r o n m e n t  at PLS 



3 . 3 .  1 0 . 2 . 2 .  1 S i g n a l  C i r c u i t  Conducted  E m i s s i o n  

S e e  p a r a g r a p h  3.  1 . 6 . 2 . 2 .  1 

* 3. 3.  10. 2. 2. 2 DC P o w e r  L i n e  Conducted  E m i s s i o n  

S e e  p a r a g r a p h  3. 1. 6. 2. 2. 2. 

3. 3. 10. 2. 2. 3 R F  R a d i a t e d  E m i s s i o n .  S c i e n c e  e x p e r i m e n t  s u b s y s t e m s  s h a l l  no t  
e x c e e d  the  l e v e l s  d e s c r i b e d  in  F i g u r e s  10  and  11 a n d  p a r a -  
g r a p h  3. 1. 6. 2. 2. 3. 

O t h e r  s u b s y s t e m s  s h a l l  not  e x c e e d  the  l e v e l s  spec i f i ed  in  
p a r a g r a p h  3. 1. 6. 2. 2. 3. 



FREQUENCY - HZ 

Figu re  10. Radiated E m i s s i o n  Narrowband 

FREQUENCY - HZ 

F i g u r e  1 1. Radiated E m i s s i o n  Broadband 
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A P P E N D I X  A 

DESIGN REQUIREMENTS AND ASSOCIATED 
VERIFICATION T E S T S  



APPENDIX A 

DESIGN REQUIREMENTS AND ASSOCIATED 
VERIFICATION TESTS 

Environmental Tes t  or  
Analysis Requirement 

(As specified in  Environmental T e s t  
and Analysis Configuration Docu- 
ment,  618-260 and per  the r equ i re -  
ments  of P ro jec t  Policy and 
Requirements Document, 6 18 -228) 

Analysis o r  T e s t  
Requirement Description 

T e s t  Not Required 

Tempera ture  

Humidity (Not Required i f  Approved 
Procedures  followed. ) 

Trans .  Vib. (Not Required if 
Approved Procedures  followed. ) 

Trans .  Shock (Not Required i f  
Approved Procedures  followed. ) 

Environmental Design Requirements 
(MJS77-3-240) 

Pa rag raph  

3 . 1  

3 . 1 . 1  

3 . 1 . 2  

3 . 1 . 3  

3.  1 . 4  

3.  1 . 5  

Design Requirement 
Description 

GROUND OPERA- 
TIONS AND 
HANDLING 

Part iculate  
Contamination 

Tempera ture  and 
P r e s s u r e  

Humidity 

Shipping and T r a n s  - 
por tation Vibration 

Shipping and T r a n s  - 
portation Shock 

3 .  1. 6 

3. 1 .6 .  1 

3 .  1 . 6 .  1. 1 

3. 1 . 6 .  1. 2 

3. 1 . 6 . 2  

3 .  1 . 6 . 2 .  1 

Electromagnetic and The Magnetic Tes t  will include expo- 
Mag. Interference s u r e  to a demagnetizing field. 
Requirements 

Magnetic Field 
Res t ra in ts  

Static Magnetic Fields  Magnetic Measurements  

Dynamic Magnetic Magnetic Measurements  
Field 

Electromagnetic Com- 
patability (EMC) 

Interference 
Susceptibility 

- - -  



Environmental  Tes t  o r  
Analysis Requirement  

(As specified i n  Environmental  T e s t  
and Analysis Configuration Docu- 
ment ,  618-260 and per  the r equ i r e -  
ments  of P ro j ec t  Policy and 
Requirements  Document, 6 18 -228) 

Analysis or  T e s t  
Requirement  Description 

EMC Conducted Susceptibility 

EMC Conducted Susceptibility 

EMC Conducted Emiss ion  

EMC Radiated Emiss ion  

Explo. Atmos.  Tes t  Not Required i f  
Approved P rocedures  followed. 

Vibration 
Sine Vibration (Assy.  & Sys.  Levels)  

Random Vibration (Assembl ies  Only) 

Acoustic 

Static Accelerat ion - T e s t  or  
Analysis 

P y r o  Shock 

Launch P r e s s u r e  Prof i le  - T e s t  or  
Analysis 

(See paragraph  3. 1 . 6 .  ) 

Environmental  Design Requirements  
(MJS77-3-240) 

Pa rag raph  

3. 1 . 6 . 2 .  1. 1 

3. 1 . 6 . 2 .  1 .2  

3.  1 . 6 . 2 . 2  

3.  1 .6 .  2 . 2 .  1 

3. 1. 6 . 2 . 2 .  2 

3 . 2  

3 . 2 . 1  

3 . 2 . 2  

3 . 2 . 3  

3.  2 . 4  

3 . 2 . 5  

3 . 2 . 6  

3 . 2 . 7  

3. 2 .8  

Design Requirement  
Description 

Signal Circui t  Con- 
ducted Trans ien t  
Susceptibility 

Ground Line Con- 
ducted Trans ien t  
Susceptibility 

Interference 
Emiss ion  

Signal Line Conducted 
Emiss ion  

R F  Radiated Emiss ion  

LAUNCH ENVIRON- 
MENT DESIGN 
REQUIREMENT 

Explosive Atmosphere  

Sinusoidal Vibration 

Random Vibration 

Acoustic 

Static Accelerat ion 

Pyrotechnic Shock 

Launch Prof i le  P r e s s .  
Decay 

Electromagnet ic  and 
Mag. Interference 
Requirements  



Environmental T e s t  or  
Analysis Requirement 

(As specified in  Environmental T e s t  
and Analysis Configuration Docu- 
ment,  618-260 and per  the r equ i re -  
ments  of P ro jec t  Policy and 
Requirements  Document, 6 18 -228) 

Analysis or  T e s t  
Requirement  Description 

( S e e p a r a g r a p h 3 . 3 . 7  and 3 . 3 . 7 . 1 )  

(See paragraph 3.3.7 and 3. 3.7. 2) 

N o  T e s t s  Required 

~ h e r m a l / V a c u u m  

Vacuum Environment Imposed a s  
p a r t  of Thermal/Vacuum T e s t  

(See paragraph 3 . 3 . 3 .  ) 

No Tes t s  Required 

Meteroids - Susceptibility 
Analyses Will be  Pe r fo rmed  
on select  basis  

No Tes ts  Required 

No Tes ts  Required 

No Tes ts  Required 

Electron & Proton Radiation Analysis 

RTG and RHU Radiation - Test  or  
Analysis 

Environmental Design Requirements  
(MJS77-3 -240) 

Pa rag raph  

3 . 2 . 9  

3 .2 .  10 

3 . 3  

3 . 3 . 1  

3 . 3 . 2  

3 . 3 . 3  

3 . 3 . 3 . 1  

3. 3. 3 .2  

3 .3 .4  

3 . 3 . 5  

3. 3. 5. 1 

3 .3 .5 .2  

3.3.  5.3 

3. 3.6 

3 .3 .7  

Design Requirement  
Description 

Radioisotope Thermo-  
e lec t r ic  Generator  
Radiation 

Radioisotope Heater 
Unit Radiation 

MISSION MODULE 
F L T .  ENVIR. DESIGN 
REQUIREMENTS 

Thermal  Radiation 

Tempera ture  

Vacuum 

Ambient P r e s s u r e  

Radiation P r e s s u r e  

Meteroids 

Magnetic Field 

Geomagnetic Field 

Interplanetary Mag. 
Field 

Jupi ter  Magnetic 
Field 

Natural Charged 
Pa r t i c l e  Radiation 

Nuclear Radiation 



Environmental Tes t  or 
Analysis Requirement 

(As specified i n  Environmental T e s t  
and Analysis Configuration Docu- 
ment,  618-260 and per  the r equ i re -  
ments of Pro jec t  Policy and 
Requirements Document, 6 18-228) 

Analysis or Tes t  
Requirement Description 

Analysis on select  basis  

Maneuver and Science Instrument 
Induced Dynamics - Test  o r  analysis 
on select  basis  a s  determined 
necessary  

(See paragraph 3. 1.6. ) 

Environmental Design Requirements 
(MJS77 -3  -240) 

Paragraph 

3.3.8 

3 .3 .9  

3.3.10 

Design Requirement 
Description 

Mission Module 
Electrostat ic  Charge 
Potential 

Mission Module Flight 
Dynamic Environments 

Electromagnetic and 
Magnetic Interference 
Requirements 



A P P E N D I X  B 

J U P I T E R  N A T U R A L  RADIATION ENVIRONMENTS 
FLUXIFLUENCE SPECTRA 



- APPENDIX B 

This appendix contains the information listed below. 

1 ) Energy spec t ra  fo r  e lectron and proton peak flux and fluence 
(Tables B-1 and B-2). 

2) Electron and proton flux and fluence, and electron dose a s  func - 
tions of magnetic shel l  parameter  and perijove distance respec - 
tively fo r  equatorial  Jupiter f ly-bys(Figures  B- 1, B- 2, and B- 3) .  

The electron spec t ra  w e r e  derived using the resu l t s  of integrations along the 
Jupiter Saturn 10 (JSI) t r a j ec to ry  including peak fluxes. The proton spec t ra  were  
derived using the resu l t s  of integrations along the Jupiter Saturn Ganymede 
(JSG) t rajectory.  

The Jupiter and so lar  proton peak fluxes a r e  independent and should not be 
added. However, the fluences a r e  accumulative and should be  added, although 
the so lar  event contribution i s  negligible except a t  the v e r y  highest energies.  
The MM should be designed for  the accumulative proton fluence of Table B- 1 and 
the 95 percent  probability so lar  f l a r e  proton fluence of Table B-2. Additional 
values of so lar  f l a r e  proton fluence a r e  included t o  provide a bas is  for  evalu- 
ating the shield requirement sensit ivity to  the so lar  f la re  proton environment. 

The curves presenting fluence vs. perijove distance were  derived assuming 
phasing with the magnetic pole to provide maximum fluence. 

Special attention should be paid to  the energy a t  which radiation spec t r a  a r e  
cut-off when applying these data  a s  design requirements .  The energy cut-off 
i s  significant for  equipment with sensit ive surfaces exposed direct ly  to the 
radiation field and for  equipment only slightly shielded. The energy cut-off i s  
not significant for  equipment inside the bus. 

Potentially sensit ive sur faces  such a s  optics,  t he rma l  coatings,  f i l ter  ma te r i a l s ,  
etc. may  requi re  consideration of proton spec t ra  below the minimum energy 
cut- off of Table B- 1. The Environmental Requirements Engineer should be 
consulted in  such situations. 



,* Table B- 1. Integral and Differential Peak Flux, Fluence, and 
Equivalent Fluence of Jupiter Electrons and Protons 

(January 1976 Electron Model) 

II) 
Z 
0 

2 
S 
W 

1 
S 
PI 

L 

Energy ,  E 
(MeV) 

0.40 

0.63 

1.0  

1 .6  

2. 5 

4 . 0  

6 .3  

1 0 . 0  

16. 0 

25. 0 

40. 0 

63. 0 

100. 0 

1. 0 

1.6 

2. 5 

4. 0 

6 . 3  

10.0 

16.0 

25.0 

40. 0 

63 .0  

100. 0 

( l l ~ i s p l a c e m e n t  
cons ider ing  only those p a r t i c l e s  with e n e r g y  exceeding the threshold _E. 

In tegra l  
P e a k  F lux  
( c m - 2 s - 1 )  

4 .7 (7)  

4 .3(7)  

4. l ( 7 )  

3.9(7) 

3.6(7) 

3.2(7) 

2 .5 (7)  

1 .5(7)  

5.6(6) 

14. (6) 

2.0(5) 

2 .8(4)  

2.8(3) 

8 .5(7)  

8.  2(7) 

1 .3(7)  

5 .0(6)  

2.1(6) 

9.5(5) 

4 .7 (5)  

2 .2(5)  

6. 3(4) 

5 .1(3)  

7. 9(1) 

d a m a g e  

Different ia l  
P e a k  F lux  

( ~ m - ~ s - l ~ e v - l )  

3 .4(7)  

1. l ( 7 )  

4. 3(6) 

2 .7(6)  

2 .6(6)  

2. 9(6) 

3. l ( 6 )  

2. 3(6) 

9 .3(5)  

2 .0(5)  

2 .2(4)  

1 .9 (3)  

1 .4 (2)  

1. 8(8)  

4 .2(7)  

1. O(7) 

2 .5(6)  

6 .2(5)  

1 .5(5)  

4 .4 (4)  

1 .7(4)  

6. O(3) 

5 .9(2)  

8. 3(0) 

equivalenced 

In tegra l  
F luence  
( ~ m - ~ )  

5.4(12) 

3. 8(12) 

2. 7(12) 

2.0(12) 

1 .6(12)  

1. 2(12) 

8. 9(11) 

5 .2(11)  

2. l (11)  

5. 9(10) 

1. 2(10) 

2 .5(9)  

4. 9(8) 

2. 5(12) 

9. 5(11) 

3. 8(11) 

1. 5(11) 

6. 5(10) 

2.8(10) 

1. 3(10) 

5 .4(9)  

1 .3 (9)  

8. 7(7) 

1. 3(6)  

to  3 MeV 

Different ia l  
Fluence 

( ~ r n - ~ ~ e v - l )  

1. l (13)  

4. 5(12) 

1. 9(12) 

7 .4(12)  

3. 3(11) 

1. 8(11)  

1. 3(11) 

7.9(10) 

3. l (10)  

7 .4(9)  

1. l ( 9 )  

1 .4 (8)  

1 . 7 ( 7 )  

5. O(12) 

1. 2(12) 

3. l (11)  

7.4(10) 

1. 9(10) 

4. 9(9) 

1. 3(9) 

4. 8(8)  

1. 3(8) 

1. O(7) 

1. 3(5) 

f o r  e lec t rons .  

Equivalent ('I 
Fluence 
(cm-2)  

3. 9(12) 

3 .6(12)  

3. 3(12) 

3.0(12) 

2.6(12) 

2. 3(12) 

1.8(12) 

l .2(12 ) 

5.6(11) 

2 .0(11)  

5.2(10) 

1. 3(10) 

3 .2(9)  

5. l (12)  

1.9(12) 

6.8(11) 

2.2(11) 

7.8(10) 

3.0(10) 

1. l (10)  

4.0(9) 

7 .2(8)  

3. 9(7) 

4 .3(5)  

20 MeV f o r  

Total  
Dose 

(Rad (Si)) 

1. 5(5) 

1. l ( 5 )  

8 .4 (4)  

6 .6 (4)  

5.4(4) 

4.3(4) 

3.3(4) 

2. O(4) 

9 .2(3)  

3. l ( 3 )  

8 .2 (2)  

2. l ( 2 )  

5.4(1) 

6. O(6) 

1. 6(6) 

4 .6(5)  

1. 3(5) 

3.7(4) 

1. l ( 4 )  

3 .6(3)  

1. l ( 3 )  

1. 9(2) 

1.0(1) 

1.4(01) 

protons,  
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Table B- 2. D,ifferential Energy Spectra for Solar Proton Event Environments' 

PROBABILITY THAT FLUX OR 
FLUENCE NOT BE EXCEEDED 
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MJS77/JANUARY, 1976 MODEL 

ELECTRON FLUX 
Ee>0.4 MeV SPECTRUM CUT-OFF) 
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I 

MAGNETIC SHELL PARAMETER, (JUPITER RADII) 

t% Figure  B- 1 .  Jup i te r  Equator ia l  Fluxes  



3-MeV EQUIVALENT ELECTRONS 

(E.>0.4 MeV SPECTRUM CUTOFF) 

20-MeV EQUIVALENT PROTONS 

(E >1.0 MeV SPECTRUM CUTOFF) 
P 

PERIJOVE DISTANCE, (JUPITER RADII) 

))C Figure  B-2.  Equivalent Fluence f o r  Equator ia l  Jup i te r  Fly-Bys 



MJST/JANUARY, 1976 MODEL 
(Ee>0.4 MeV SPECTRUM CUTOFF) 

PERIJOVE DISTANCE, (JUPITER RADII) 

Figu re  B- 3 .  Total  E lec t ron  Spacecra f t  Sur face  Dose fo r  
Equa tor ia l  Jup i t e r  Fly-Bys 



APPENDIX C 

RADIATION DISPLACEMENT DAMAGE AND IONIZATION 
DOSE CONVERSION FACTORS 



APPENDIX C 

Table C-1  and Figures C-1 through C-4 contain charged particle displacement 
damage factors  and ionization dose conversions. Table C-1 provides l ist ings 
of the equivalent displacement damage factors  for protons, electrons,  and 
neutrons, andthefluence to  ionization dose conversion factors  for protons, 
electrons,  neutrons, and gammas. These listings cover the part ic le  energy 
ranges of the radiation environments specified in Section 3 .  3 .  6 of this document. 
Figures C- 1 through C-4 contain plots of the tabulated data for u s e r  
convenience. 



Table C-1. Table of Equivalent Displacement Damage and Ionization Dose Conversion Factors  

NOTE: 1. 00-5 = 1. 00 x 10- 5 

G a m m a s  

Ionization 
(RAD[Si] / 'Y/cm2)  

5.3 5-9 
2.10-9 
1.10-9 
5.00-1 0 
2.35-10 
1.31-10 
7. 35-1 1 

7.49-1 1 
9.37-1 1 
1.47-10 
2. 15-10 
3.06-1 0 
4.43-1 0 

6. 07-1 0 
7. 70-1 0 
1.05-9 
1.45-9 
1.88-9 
2.60-9 

4.18-9 
5.54-9 
8.40-9 - 

- 
- 

I M e V '  

0.01 
0.015 
0. 02 
0. 03 
0.045 
0. 065 
0. 10 

0. 15 
0. 20 
0. 30 
0.45 
0. 65 
1.00 

1. 50 
2.00 
3.00 
4. 50 
6. 50 

10. 0 

15. 0 
20. 0 
30. 0 
45.0 
65. 0 

100.0 

Neutrons  

Ionization 
i M D [  s i l  l n l c m 2 )  

- 
- 
- 
- 

1.0-12 
1.1-12 
1.0-12 

5.0-13 
1. 7-11 
1.0-11 
1.1-11 
1. 7-11 
2.0-1 1 

2. 7-11 
3.2-1 1 
5. 6-11 
8.4-1 1 
6. 0-10 
1. 0-9 

7. 0-10 
- 
- 
- 
- 
- 

1 -MeV 
Equivalent  

- 
- 
- 
- 

0.10 
0. 10 
0. 10 

0 .10  
0. 83 
0. 71 
0. 83 
1. 70 
1 .00  

1. 25 
1 .37  
1. 60 
1. 83 
2. 00 
2. 16  

2. 30 
- 
- 
- 
- 
- 

Elec t rons  

Ionization 
Sil / e l c m 2 )  

2. 70-7 
2.00-7 
1.62-7 
1.26-7 
8.94-8 
6.92-8 
5.23-8 

4.14-8 
3.60-8 
3.04-8 
2.70-8 
2.53-8 
2.45-8 

2 .42-8  
2.45-8 
2.50-8 
2. 58-8 
2 .64-8  
2 .72-8  

2.78-8 
2 .83-8  
2.90-8 
2.96-8 
3. 01 -8  
3.07-8 

3-MeV 
Equivalent  

Displacement 

0 
0 
0 
0 
0 
0 
0 

. 033 

. 060 
0. 087 
0. 15 
0. 23 
0. 38 

0. 57 
0. 73 
1 .00  
1. 23 
1.49 
1. 84 

2.24 
2 .57  
3. 13 
3. 82 
4. 56 
5. 63 

P ro tons  

Ionization 
2 

i m D [  Si] / p / c m  i 

1.00-5 
1.00-5 
1.00-5 
1.00-5 
1.00-5 
8.50-6 
6.90-6 

6.11-6 
5. 60-6 
4.85-6 
4.12-6 
3.44-6 
2.82-6 

2 .17-6  
1 .81-6  
1.36-6 
1. 01-6 
7.72-7 
5.57-7 

4.07-7 
3.25-7 
2.36-7 
1 .72-7  
1.29-7 
9.37-8 

20-MeV 
Equivalent  

Displacement 

354.0 
253.0 
173.0 
114.0 

74. 3 
50.4 
31. 7 

20 .4  
14. 9 

9.42 
5.91 
3. 82 
2.26 

2.26 
2. 26 
2.26 
1.77 
1.49 
1.28 

1.15 
1 .00  
0.920 
0.745 
0. 563 
0.345 



1 .o 10 

ELECTRON ENERGY (MeV) 

Figure C- 1. Ionization Energy Deposition and 3 -MeV Electron Equivalent 
Displacement Damage in Silicon 



PROTON ENERGY (MeV) 

Figure C-2. Ionization Energy Deposition and 2 0-MeV Proton  Equivalent 
Displacement Damage in  Silicon 



Figure C-3.  Ionization Energy Deposition and 1 -MeV Neutron Equivalent 
Dispiacement Damage in Silicon 
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GAMMA ENERGY (MeV) 

Figure C-4. Gamma Ionization Energy  Deposition i n  Silicon 



Handling of Dangerous Material  

Recognized safety pract ices  and manufacturers  instructions shal l  
be followed in the handling of flammable o r  toxic mater ials .  

NASA - JPL - Cornl., L.A., Calif. 
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TITLE: 

FUNCTIONAL REQUIREMENT 

MARINER JUPITER/SATURN 19 7 7 

POWER PROFILE AND ALLOCATION 

A. This document has been removed from control and placed in a non-maintenance 

category. 

FR No. ~ ~ 7 7 -  3-250A 
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PAGE 1 OF 1 

DATE: 14 February 1979 

PER ECR No. N/A 
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36741 

36787 
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36884 

36932 

DISTRIBUTION: REMARKS: 

Distribution list 
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, 
r 

( Insc~r t  in 618-205, MJS77 Functional 
Iicquirelnent s Book) 

Custodian: G .  E. Cunningham 

APPROVED: 

System: 

JET PROPULSION LABORATORY 

No. MJS77-3-250A 
8 June 1977 

FUNCTIONAI, REQUIREMENT Supersedes 
MJS77-3-250 

MARINER JUPITERISATURN 1977 8 July 1975 
POWER PROFILE AND ALLOCATION 

2$ Denote changes f r o m  previous issue 

1 . 0  SCOPE 

This  document allocates the power to  the Mariner  Jupi terISaturn 1977 
(MJS77) spacecraf t  loads and identifies the expected power available 
for  the major  identifiable modes of operation throughout the mission. 
Power f igures  used herein represent  the maximum steady-state 
power, a t  nominal voltages and the flight acceptance (FA) tempera-  
tur  e ranges,  allocated 'to spacecraf t  subsystems. Power switching 
requirements  and load t ransient  tables a r e  also included. 

2. 0 APPLICABLE DOCUMENTS 

The following documents fo rm a part  of this Functional Requirement: 

NOTE 

MJS77-3 - 100, Spacecraft  Requirements and Constraints,  
applies to this  document. Requirements of other  MJS77 
level t h ree  documents may also be applicable. I t  i s  the 
responsibil i ty of the user  to  adequately acquaint himself 
with the organization and pertinent content of the level 
three  documents, a s  well a s  with the mater ia l  contained 
herein. 
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REQUIREMENTS 

J e t  P ropu ls ion  Labora to ry  

MJS77- 1 - 100 

3 .  0 ELEMENTS 

3 .  1 Calculat ions 

Funct ional  Requi rement ,  M a r i n e r  
Jup i te r jSa tu rn  1977 Introduction 

Functional  Requi rement ,  M a r i n e r  
Jup i te r  /Saturn  1977 Spacecraf t  
Requi rements  and Cons t ra in t s  

Functional  Requi rement ,  M a r i n e r  
~ u ~ i t e r / ~ a t u r n  1977 Spacecra f t  Flight  
Sequence Implementation 

Functional  Requi rement ,  M a r i n e r  
Jup i te r ISa turn  1977 E l ec t r i c a l  
Grounding and Interfacing 

Functional  Requi rement ,  M a r i n e r  
~ u ~ i t e r / ~ a t u r n  1977 Spacecra f t  P o w e r  
Subsys tem 

Table  1 l i s t s  the equations that  a r e  ut i l ized in a r r i v ing  a t  the total  
spacec r a f t  power  demand and m a r g i n  a s  shown in the power  prof i le  
subsys tem s u m m a r y  (Tab l e  6 ) .  They r e p r e s e n t  the equations u sed  
to make  each  calculat ion,  and appear  in the table in the s a m e  o r d e r  
a s  ca lcula ted.  Figu.re 1 ha s  been der ived  f rom Table 1 .  F igu re  1 
shows how the 2 .  4 kHz engineer ing and sc ience  loads and the dc 
loads  a r e  combined with the radioisotope t he rmoe l ec t r i c  gene ra to r  
(RTG)  capabi l i t ies  and how the power marg in s  a r e  es tabl ished.  

3 .  2 Power  Equipment Efficiencies and Pou8e r Capabil i t ies 

Table  2 l i s t s  da ta  points f r o m  the efficiency cu rves  f o r  the va r ious  
power convers ion equipment and da ta  points f r o m  the RTG potTrer 
capabil i ty c u r v e s .  

3 .  3 Notes and Assumptions  

Table 3 l i s t s  notes and assumpt ions  per t inent  to the power profile 



* 3 . 4  Power  Modes 

Table 4 i s  a l ist ing of the m a j o r  identifiable power operat ional  modes .  
These significant modes  of operat ion a r e  der ived f r o m  MJS77- 3- 120, 
Flight Sequence Implementation.  Table 5 tabulates  the power s ta te  of 
each  subassembly /subsys tem fo r  eve ry  m a j o r  identifiable power opera-  
t ional  mode .  

Table 6 s u m m a r i z e s  and to ta l s  the subassembly /subsys tem loads  of 
Table 5 and compares  them to the RTG power capabil i ty of Table 2 to 
calculate  a power m a r g i n  a s  a function of the  flight mode. 

* 3. 5 Power  Allocations 

The loads  of Table 7 shal l  be considered a s  the MJS77 subsystem and 
subassembly a l located power.  These allocations shal l  be maximum 
values of the power ( ave rages  over  112 cycle,  220 p. seconds,  f o r  
2 .4  kHz loads)  a t  wor s t  t empera tu re  (high power) within the F A  t empera -  
t u r e  range a t  nominal voltage and with nominal c i rcu i t  p a r a m e t e r s .  

P u l s e s  of duration l e s s  than 1 mil l isecond and energy l e s s  than 
1 . 5  mill iwatt-  seconds will be supplied by the energy s to rage  e lements  
within the power subsystem e lec t ron ics .  Pu lsed  loads  of duration 
g r e a t e r  than 1 mil l isecond o r  of energy exceeding 1 . 5  mill iwatt-  seconds 
a r e  shown in Table 8. DC loads a r e  the peak values;  2 . 4  kHz loads  
d r e  the ave rage  power f o r  the half cycle  that  consumes  the  maximum 
power.  

3 . 6  Load Trans i en t s  

Operating t r ans i en t  loads,  shown in Table 8, a r e  load var ia t ions  f r o m  
the values  l i s ted  in the subassembly detailed tabulation (Table  5))  
exclusive of turn-  on t r ans i en t s  and a r e  commanded on only a t  t i m e s  
when sufficient spacecraf t  power i s  available.  

Load increments  shal l  conform to  paragraph  3 . 6 . 2 . 3  of MJS77-3- 100. I 
* 3 . 7  Subsystem Switching 

F igure  2 shows the simplified schematic  functional equivalents of 
the single th read  and the dual r e l ays  used  to swtich the MJS77 
subsystem functions. 



Three  configurations a r e  shown: 

1) Single thread relays consisting of - one "four-pole double-throw" 
(4PDT ) re lay  performing an "ON / O F F  I '  function. 

Example: ISS-WA PWR supply ON/OFF 

SET 

SCHEMATIC 
EQUlVALENl 

(3681) 

RESET 

(1) 4-PDT RELAY 

2) Dual relays consisting of two "four-pole double-throw" (4PDT)  
relays performing on "ON/OFF" function. 

Example: TMU ON/OFF 

SET 

(3 BPI (385) 

2 .4  kHz 
2 . 4  kHz TO TMU 

1-1 

2 . 4  kHz 2 .4  kHz RTN 
RTN TO TMU 

SCHEMATIC 
EQUIVALENT 

RESET 

( 2 )  4-PDT RELAYS 



3) Dual r e l ays  consis t ing of - two "four - pole double- throw (4DPT)  
re lays  performing a "SELECT I '  function. 

Example: T M U - A / T M u - U  SELECT 

SET 

(3G P) (3GS) 

2 .4  kHz , 2.4 kHz 

1 TMU-A 

2 .4kHz 
TMU-B 

2 . 4  kHz RTN 
TMU-A 

I 

2.4  kHz RTN 
TMU-B 

(3GRP) (3GRS) 

RESET 

+ TMU-B 

SCHEMATIC 
EQUlVALENl 

(2) 4-PDT RELAYS 



Table 1. Power Profi le  Equations 

A. 2. 4 kHz Inver te r  Engineering - MDS + PWR + CCS + FDS + AACS + - 
Load PYRO + DSS 

B. 2. 4 kHz Inver te r  Science - PRA + PWS 3. L E C P  + P L S  + UVS + 
Load - MAG + ISS-N t ISS-W t MIRIS 

C. Total  2. 4 kHz Inver te r  Load = A + B 

Power Fac tor  Loss  = [ I - ( Inver te r  Efficiency)] [ (C)  

2. 4 kHz Inver te r  Input = C - ( Inver ter  Efficiency) Table  2 

2. 4 kHz Inver te r  Loss  = E - ( C t D )  

Regulator DC Loads = RFS -t PWR + DFURU + PROP + SCI + 
TC/S  + T C / E  + Contingency Tempera-  
t u r e  Control Science 

Total  DC Load = E t G  

Power Source Logic (PSL) = + 30 Vdc 
Output Cur ren t  

Power Source Distribution - 
2 I (PSL/Dist r ibut ion Resis tance)  - 

Cable Loss  Table  2 

Power Source Logic Output - 
2 

I ( P S L  Output Wiring Resis tance)  - 
Wiring Loss  Table  2 

Total  DC Bus Power = H + J + K  

Tota l  RTG Power 
Capability (MIN) 

Tota l  Input Circui t  
Resis tance 

- 3 [RTG Power (Minimum)] x - 
(End Heating Coefficient) Table  2 

= (RTG/PSL Cable Resis tance)  + ( P S L  
Input Wiring Resis tance)  + ( P S L  Diode 

Tota l  RTG Curren t  = [(M - 30 V )  - (Diode Voltage - RTG 
Resistance)] : ( 1  + (N : RTG Resistance)] 
Table  2 

RTG Cable Loss  
2 

= 0 (RTG/PSL Resis tance)  Table  2 

Power Source Logic Input 
2 

- 0 [(N - (RTG/PSL Cable Resis tance)]  
Circuit  Loss  - + 0 (Diode Voltage) 

Net Power Capability = M - P - Q  

Power Margin = R- L 

Shunt Regulator + Shunt = S + Contingency - 
Radiator Dissipation Power 

Regulator Cable L o s s  

Repeat s teps  M through T for mos t  probable RTG power capability. 



+ FDS + AACS + PYRO 

A "2.4 kHz INV C = A + B "TOTAL B "2.4 kHz INV 
ENG LOAD" 2.4 kHz INV LOAD" SCI LOADS" 

F = E - ( C t D )  
"2.4 kHz INV 

E = "2.4 kHz 
INV INPUT" 

RFS + PWR +PROP 
+ SCI + TC/S 

+ DRIRU+ TC/E +CONTIG 

+ 
H = E + G  

"TOTAL DC LOAD" 

F i g u r e  1 .  MJS77  P o w e r  P r o f i l e  P r o g r a m  F l o w  D i a g r a m  

H = t 3 0  Vdc 

r 

t I 

I I 
t 

M = 3 (RTG PWR M I N )  x 
(END HEATING CO- 
EFFICIENT) TABLE 2 
"TOTAL RTG CAPA- 

BILITY (MIN) 

* 

I = "PSL OUTPUT 
CURRENT" 

Y 

N = (RTGDSL CABLE RES) + 
(PSL INPUT WIRING RES) + 
(PSL .DIODE RES) TABLE 2 
"TOTAL INPUT CIRCUIT 

RESISTANCE" 

1 

R = M-P-Q 
"NET POWER 
CAPABILITY", 

- 
i v 

-, 

- 

REPEAT STEPS M THROUGH T FOR 
POWER MARGIN (hlOST PROB) 

1 

D= (M t 30V) -(DIODE VOLTS i- 
RTG RES)) + (I + (N + RTG 
RES)) TABLE 2 "TOTAL RTG 

CURRENT" 

T = 5 + REG CABLE LOSS 
"SHUNT REG + SHUNT RAD 
DISS POWER" 

S = R-L 
"POWER MARGIN'' 

W I N )  

- 

L = H +  J t K  
"TOTAL REG POWER" 

. * 

J = l2 (PSL/DIST RES) 
TABLE 2 "PSL/PWR, 
DlST CABLE LOSS 

K = l2 (PSL OUTPUT 
WIRING RES) TABLE 2 
"PSL OUTPUT WIRING 

LOSS" 

1 

P = o2 (RTG/PSL RES) 
TABLE 2 "RTG CABLE 

LOSS" - 

- 

- - Q = 0' (N-(RTG/PSL CABLE 
RES)) +O(DDDE VOLTAGE) 

PSL INPUT CIRCUIT LOSS" 



2:: Table 2 .  MJS77 Power Profile Power Efficiencies 
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Table 3.  MJS77 Power  Prof i le  

Notes and Assumptions:  

1 .  All power values  a r e  in wat t s .  

2. Each power en t ry  includes the load and i t s  t r a n s f o r m e r  / r ec t i f i e r  ineff- 
ciency a s  applicable.  

3. The loads  shown a r e  es t imated  o r  m e a s u r e d  maximum values  of the 
power (averaged  over  112 cycle,  220 p seconds,  f o r  2 . 4  kHz loads)  
a t  w o r s t  t e m p e r a t u r e  (high power)  within the  FA t empera tu re  range 
a t  nominal voltage and with nominal c i rcu i t  p a r a m e t e r s .  

I 
P u l s e s  of durat ion l e s s  than 1 mil l isecond and energy  l e s s  than 
1 . 5  mill iwatt-  seconds will  be supplied by the energy  s to rage  e lements  
within the power subsys tem e lec t ron ics .  Pu l sed  loads  of duration 
g r e a t e r  than 1 mil l isecond o r  of energy  exceeding 1 . 5  mil l iwat t -seconds 
a r e  shown in Table 8 .  DC loads  a r e  the peak values;  2 . 4  kHz loads a r e  
the ave rage  power fo r  the  half cycle that  consumes  the  max imum power .  

4. Loads that  a r e  sequenced s o  t he i r  power r equ i r emen t s  can  be t ime  shared  
a r e  indicated by a common alphabetic cha rac t e r  following the i r  power 

\ 

tabulation. The t ime  sha red  loads  not included in the summation f o r  the 
subsys tem s u m m a r y  a r e  enclosed with ( ) .  

P L S  ins t rument  i s  a l located 8 . 3  wat ts  peak and P L S  supplemental  
a l located 4 . 6  wat t s  maximum.  These  will  be t i m e  sha red  s o  that  total  
power does not exceed 8 . 3  wat ts .  On the power profi le,  the  e lec t ron ics  
will  be shown a s  8 . 3  wat t s  and the e lec t ron ic  supplental will  be a s  
shown a s  0 wat t s .  I 

5.  Power  i s  a l located fo r  slewing the  scan  pla t form only one ax i s  a t  a t ime .  I 
6 .  Cable l o s s e s  a r e  calculated by computing the  total  c u r r e n t  a t  the  r a t ed  

l ine voltage for  the  power handled and multiplying the  squa re  of the 
c u r r e n t  by the line r e s i s t ance .  The RTG cable  r e s i s t ance  i s  one- third  
the ave rage  r e s i s t ance  of the  t h r e e  cab les .  

7 .  At l ea s t  one TWTA sha l l  be powered a t  a l l  t i m e s ,  and the X-band and 
S-band TWTAs shal l  not be opera ted  in the high power modes  s imul-  
taneously ( t empera tu re  control  requi rement ) .  

A maximum of 150 wat t s  a t  32 volts, dc i s  supplied d i rec t ly  to  the 
IPU- REA valve d r i v e r s  f r o m  the ba t te ry  during injection. 

9 .  Gyro powers  shown during launch phase  a r e  of sho r t  durat ion and occur  
only during per iods  of high vehicle r a t e s .  Gyro  power spec i f ics  a r e  
shown in Table 9. I 



Table 3 .  MJS77 Power  Prof i le  (contd) 

10. L E C P  s tepper  motor  power a s s u m e s  50 Hz mode. 60 Hz mode i s  
commandable and m a y  be selected in  flight if boom resonance charac-  
t e r i s t i c s  allow. 60 Hz mode will dec rease  power consumption by 
approximately 17 percen t  fo r  modes  indicated, to  0. 35 W and 1 .  33, 
respect ively .  

11. Uranus modes  a r e  included fo r  informational purposes  only. 

12. Several  modes  have power requi rements  which exceed the m o s t  probable 
RTG capabil i t ies.  These  mi s s ion  mode l ist ings r ep re sen t  cur  rent  
mi s s ion  planning baseline requi rements  using allocated (not actual)  
power.  Where necessary ,  actual  m i s s i o n m o d e s  m a y  have to  be 
modified in light of actual  subsystem power consumption and actual  
RTG capability. 



MJS77-3-250A 

Table 4. MJS77 Power Profi le  Operational Modes 

D e s c r i p t i o n / S e q u e n c e  

M i n i m u m  S / C  L o a d  

M i n i m u m  S / C  L o a d  t o  P r o c e s s  T L M  I n f o r m a t i o n  

T u r n  ON P r e - L a u n c h  L o a d s  - G y r o s  Low R a t e  - DSS ON 

2 G y r o s  a t  L o w  R a t e  S a t u r a t e d  - I P U  H t r s  ON - T C A P U  H t r s  ON 

Begin  P a r k i n g  O r b i t  C o a s t  

2 G y r o s  a t  L o w  R a t e  - BRI H t r  ON 

M i n i m u m  R T G  P o w e r  A f t e r  Vent  

P y r o / T C A P U / C C S  P r e - A r m  

2  G y r o s  Low R a t e  S a t u r a t e d  - I P U  R e d  Valve  H t r a  O F F  

2  G y r o s  High  R a t e  

P S U  Event  - T C A P U  a n d  I P U  H t r a  O F F  

T C A P U  a n d  I P U  H t r s  ON 

R T G  B o o m  S e t  2 R e l e a s e  

S c i e n c e  B o o m  a n d  R T G  B o o m  Set  1  R e l e a s e  

I P U  a n d  T C A P U  H t r s  O F F  - P S U  Event  

MAG B o o m  Deployed - MAG ON - P S U  E v e n t  

S t a r t  Sun A c q u i r e  

P R A / P W S  Antenna  Deploy  

? G y r o s  Low R a t e  

S-Band Hi P o w e r  - DSS O F F  

Rep1 Ht r a  ON 

S c i e n c e ,  S - H I .  X-LO 

U S 0  ON 

R T G  M a x  P o w e r  

C r u i s e  F r o m  E a r t h  t o  J u p i t e r  - R T G  a t  2  Y e a r  P o w e r  

E a r t h  t o  J u p i t e r  E v e r y  2  Weeks  

E a r t h  to  J u p i t e r  E v e r y  2  M o n t h s  - DSS ON 

E a r t h  to  J u p i t e r  D a t a  R e t u r n  a n d  T r a c k i n g  

E a r t h  t o  J u p i t e r  O r i e n t a t i o n  f o r  F i r i n g  

E a r t h  t o  J u p i t e r  F i r i n g  

S c i e n c e  ON - S - B a n d  H I .  X - B a n d  LO 

G y r o s  O F F  - DSS ON S - L o w  X-High 

G y r o s  ON - 2  Low R a t e  

L E C P  S t e p p e r  HI  P o w e r  

G y r o s  ON.  L E C P  S t e p p e r  Low P o w e r ,  MAG Sen H t r  Off  

G y r o s  ON.  MAG Sen H t r  ON 

J u p i t e r  to  S a t u r n  C r u i s e  - DSS O F F  

Jupiter t o  S a t u r n  E v e r y  2  Weeks  

J u p i t e r  t o  S a t u r n  E v e r y  2  Months  - DSS ON 

J u p i t e r  t o  S a t u r n  D a t a  R e t u r n  and  T r a c k i n g  

J u p i t e r  t o  S a t u r n  O r i e n t a t i o n  f o r  F i r i n g  

J u p i t e r  t o  S a t u r n  F i r i n g  - S - L o w .  X-Off 

E n c o u n t e r  I n s t r u m e n t s  ON - S - L o w  - X-High 

DSS ON - G y r o s  O F F  S - L o w  X-High 

G y r o s  ON - DSS O F F  

G y r o s  ON - DSS ON - S - L o w  - X-Low 

G y r o s  ON - D S S O N  - S - L o w  - X-Low 

G y r o s  ON - DSS ON - S - L o w  - X-Low 

G y r o s  O F F  - DSS ON - S - L o w  - X-High 

G y r o s  O F F  - DSS O F F  - S-Lo* - X-High 

Ciyros O F F  - DSS O F F  - S - L o w  X-Low 

G y r o s  O F F  - DSS ON - S-Off X - L o w  

G y r o s  O F F  - DSS ON - S-Off  X-High 

G y r o s  O F F  - DSS O N  - S - L o w  X-Off  

N a m e  

UNSHORT ( R T G  UNSHORT) 

TURN ON 

P O W E R  ON 

LAUNCH 

M E C O  1  - 
COAST 1  

MIN 'PWR 

COAST 2  

M E S  2  

M E C O  2  

SOLID R O C K E T  MOTOR BURN 

P O S T  INJECTION 

D E P L O Y  I  

D E P L O Y  2  

P . M  J E T T I S O N  

MAG BOOM D E P L O Y  

SUN ACQUIRE 

ANT D E P L O Y  

CANOPUS ACQUIRE 

F I R S T  CRUISE 

H E A T E R S  ON 

NEAR E A R T H  

U S 0  ON 

E A R T H  CRUISE 

CRUISE 

CRUISE TRACKING 

S C I E N C E  MANEUVER 

P L A Y B A C K  

T C M  

FIRING 

F A R  ENCOUNTER ( J )  

F A R  E N C  ( J )  

NEAR E N C O U N T E R  ( J )  

1 0  ENCOUNTER 

OCCULTATION (J) 

P O S T  ENCOUNTER ( J )  

CRUISE 

CRUISE TRACKING 

S C I E N C E  MANEUVER 

PLAYBACK 

TCM 

FIRING 

F A R  ENCOUNTER ' (S)  

F A R  E N C  (S2)  

NEAR ENCOUNTER I  (S) 

NEAR ENCOUNTER 2  (S)  

OCCULTATION (S)  

P O S T  ENCOUNTER 1  (S) 

P O S T  ENCOUNTER 2  (S)  

P O S T  ENCOUNTER 3  (S) 

F A R  ENCOUNTER 1 (U)  

F A R  ENCOUNTER 2  ( U )  

F A R  ENCOUNI E R  3  (U) 

FAR ENCOUNTER 4  (U)  

M o d e  N o  

1  

2  

3  

4  

5  

6  

7  

8 

9  

10 

I1  

I 2  

13  

14 

I 5  

16 

17 

18  

19 

20 

21 

22 

2  3  

2  4  

25 

2  6 

27  

2  8 

2  9  

30 

3 1  

32 

33 

34 

3  5  

36 

3 7  

3 8 

3  9 

4  0  

4  1  

4  2  

4 3  

44 

4 5  

4  6  

4  7  

4  8  

4  9 

50 

5  1  

5 2  

5 3 

54 

T l m e  

L - 4 8 0  M i n u t e s  

L - 4 7 7  M i n u t e s  

L - 3 1 2  M i n u t e s  

L t / - 0  M i n u t e s  

L t I O  M i n u t e s  

L t 1 2  M i n u t e s  

Lt2O M i n u t e s  

L t 4 0  M l n u t e s  

L t 4 2  M ~ n u t e s  

L t 5 1  M i n u t e s  

L t 5 2  M l n u t e s  

L t 5 3  M i n u t e s  

L t S 6  M l n u t e s  

L t 5 6  M l n u t e s  

L t 6 5  M l n u t e s  

L t 6 9  M i n u t e s  

L t 1 1 4  M i n u t e s  

L t l 2 5  M i n u t e s  

L t 1 5 0  M i n u t e s  

L t 2 4 0  M i n u t e s  

L t 2 8 5  M i n u t e s  

L t 3 6 0  Mlnutes  

L t 4 8  H o u r s  

L + 3  Days  

L t l  8  Y e a r  

L t l  8 Y e a r  

L t 1  8  Y e a r  

L t I  8  Y e a r  

L t I  8  Y e a r  

L t l  8 Y e a r  

L t l .  9  Y e a r  

L t I .  9 Y e a r  

L t 1  9 Y e a r  

L t 1  9 Y e a r  

L t 1 . 9  Y e a r  

L t Z  Y e a r  

L t 4  0  Y e a r  

L t 4  0  Y e a r  

L t 4  0 Y e a r  

L t 4  0  Y e a r  

L t 4  0  Y e a r  

L t 4  0  Y e a r  

L t 4  I  Y e a r  

L t 4 .  1  Y e a r  

I . t4  1  Y e a r  

I . t4  I  Y e d r  

1-t4 1  Y e a r  

1.t4 L Y e a r  

l . t 4  2  Y e a r  

1.t4 2  Y e a r  

L i b .  0  Y e a r  

I.t8. 0 Y e a r  

1.t8. 0  Y e a r  

I . tH .0  Y e a r  



:k Table 5 .  MJS77 Power  P ro f i l e  Subassembly Detail Tabulation ( shee t  

OPER bT10NIL MODE 

2.4KHZ INV ENG LOAOS 
MCiS TWU 

c o u  
PUR T L 1  

DISTRIBUTION 
DISCHARGE CON 

c c s  
FOS 
AACS PROCESSOR 

MAJOR PUQ SUP 
bP THRUSTERS 
4P TH RE0 HTR 
CST 
SUN SHUTTER 
SUN SENSOR 
SCbN 4C7 
SCAN POTS 

PYRO INSTY 
PSU 

DSS 
REPL HIR 

STRU BAY 1 HIR 
e r r  2 H T R  
err 6 n ru  

PROP TCM HTR 

2.9KHZ I N V  SCI  LC lOS 
S C I  PRA 

PUS 
LECP 
PL S 
uvs  
MAG 
MbG SEN UTRS 
I S S  
M I R I S  SIEY 
U I R I S  PRI  

REGULlTEO OC LOADS 
RFS ACIS AN0 SU 

RCVR 
5-BAN0 EXC 
S-B1NO TUT 
X-eN0 EXCITER 
X-BIN0 IUT 
US0 

PUS POWER CONTQOL 
SHUNT REG 
OISCHARGE CON 

FDS 
AACS GVROS 
S C I  CRS 

LECP STEPDER 
PP S 
P R I  PNT HOTOR 

TClS  CRS SUPP 
CRS REPL 
LECP MAIN SUP 
LECP LEPT SUP 
LECP REPL 
PPS SUPP 
PLS REPL 
PLS SUPP 
UVS QEPL 
ISS-N OPTICS 
ISS-N VIO REP 
ISS-U VIO QEP 
I S S - N  ELE REP 
ISS-U ELE REP 
* I R I S  REDL 

TC/E PZ l C T  REn 
SUN SEN VTR 
I P U  VALVE HTR 
I P U  RE0 Y HTR 
I P U  THRUS HTR 
TCAPU RE0 HIR 
SCN PLTFM HTR 

UNSHRT 

1 1 1  
L - 5 8 0 1  

.OD 
5.35 
2.12 
1.52 

.10 
26.fl6 

.On 
22.32 

.co . OL 

.on 

. O F  

.I'F 

.on 

.no 

.OO 

.on 

.OO 

.Or 

.0* 

.oo 

.00 

.oo 

.oo 

.on 

.On 

.DO . 110 . I'D 

.no 

.no 

.oo 
1.60 

.PO 

.51 
5. TO 

.CO 

.on . CO . nc . RC 
2.112 
2.02 
1.01 

.60 

.oo 

.@O 

.OD 

.a0 

.OO . PD 

.no 

.DO . 0 0  

.PO . cio 

.oo 

.PO . 0 0  

.OF 

.nt. 

.no 

.PO 

.no 

.un . LIC 

.oo 
110 . CO 

.PO 

.GO 

.DO 

PYR ON 

I 31 
L-312M 

5.05 
5.35 
2.12 
1.52 

.10 
26.06 
19.19 
22.32 
14.49 

.0(1 

.oo 

.L!O 
5. C5 

.85 

.ou 

.GO 
3.84 

.oo 
20.26 . 0 0  

.DO 

.DO 

.oo 

.oo 

.OD 

.GO . 0 0  . OG . 00 

.00 . 0 0  

.oo 
1. b 0  . 0 0  

- 8 7  
5.30 
2.37 

3 9 - 7 0  
.OG 
.00 
.oo 

2.L2 
2.02 
1.Cl 

LAUNCH 

I 91  
L *  011 

5 -05  
5.35 
2.12 
1.52 

.10 
23.15 
14.15 
22.32 
10.94 

.or 

.oc 

.oo 
5.05 

.85 

.oo 

.oo 
3.85 

.OO 
22.7 3 

.00 

.oo 

.oo 

.oo 

.oo 

- 0 0  
- 0 0  
.OC 
.oc 
.OO 
.OC 
.oc 
.oo 

1 60 
.OC 

.81 
5.30 
2.37 

34.1C 
.OG 
.oo 
.oo 

2.02 
2.02 
1 - 0 1  

MECO 1 

I 51  
LI i c n  

5.05 
5.35 
2.17 
1.57 

.10 
73-11, 
14.1q 
22 32 
111.44 

.on 

.PO . co 
5.G5 

.85 

.no 

.no 
3.8s 

.OO 
22.13 

.CO 

.an 

.no 

.on 

.00 

.rn 

.ro 

.@O 

.GO 

.en . OF 

.PC 

.an 
1.60 . eo 

.8T 
5.30 
2.31 

35.70 
.['O 
.OD 
.no 

2.C7 
2.C7 
1 .P I  

COAST 
1 

I 6 )  
L +  1211 

5 .n5 
5.35 
2.12 
1.52 

.10 
23.14 
14.11 
22.32 
14.Y4 

.no 

.no 

.no 
5.05 

85 
.no 
.no 

3.84 
.on 

22.13 
.no 
.oo 
.oo 
.oo 
.OD 

.oo 

.oo 

.no 

.oo 

.00 
no0  
S F @  
.DO 

1.60 
.oo 

- 8 1  
5.30 
2.37 

?9.7@ 
.no 
.co 
.oo 

2.02 
2.02 
1.01 



-k Table 5. MJS77 Power  Prof i le  Subassembly Detail Tabulation ( shee t  2 of 6 )  

P S T I N J  

1 1 2 1  
L *  52M 

5.05 
5. 3 5  
2.12 
1.52 

. 1 0  
26 .06 
1 4 .  1 4  
2 2 . 3 2  
1 4 .  4 4  

.0 0 

.o 0 

.G C 
5.05 

. 8 5  . 0 0  
.0 0 

3.84 
.52  

2 2  - 7  3 . 0 0  . 00 . 00 . 00 . 0 0  

OEPLO V 
1 

1 1 3 )  
L +  5 3 M  

OEPLOY 
2 

1 1 4 1  
L *  5 6 R  

PM J E T  

I 1 5 1  
L +  6 5 M  

11.65 
5.3s 
2.12 
1 .52  

.10 
26.06 
14.14 
22.32 
14.44 

1 5.C518 
13.2C B . co 

5 . 0 5  
- 8 5  

5.05 
- 1 7  

3.84 
25.45 
2 2  1 3  

.on 

.on 

.oo 

.on 

.of' 

MAGOEP SUN 1 3  I N T O E P  CINOP 
1 0  

I 1 9  I 
L * 1 5 C W  

4. 6 5  
5.35 
2.12 
1.52 

. l C  
?6.06 
14.14 
22.32 
1 4 . 4 4  

1 5.C518 
13.2C D 

2.53 
.oo 
.95 

5.05 
.I7 

2.83 
.CC 

27.CC 
.oo 
- 0 0  
.oo 
.oo 
.oo 

F I R S T  
C R 

I 2 0 1  
L124OW 

2.UKHZ I N V  ENG L O I O S  
UDS TWU 

COU 
PUR T L H  

C I S T R I l U T I O N  
O I S C H I R E E  CON 

CCS 
FDS 
I I C S  PROCESSOR 

UAJOf i  PUR SUP 
1 P  THRUSTERS 
I P  TH REP HTR 
CST 
SUN SHUTTER 
SUN SENSOR 
S C I N  I C l  
S C I N  POTS 

PYRO I N S T M  
P S U  

oss  
* REPL UTR 

STRU PAY 1 HTR 
8 1 Y  2 HTR 
P I V  6 HTR 

PROP TCW HTR 

2.4KHZ I N V  S C I  L O I C S  
S C I  P R I  

PUS 
L E C P  
P L  S 
uvs 
M1G 
? ( I G  SEN HTRS 
I S S  
W I R I S  ST8V 
W I R I S  P R I  

REGULATED OC L D I O S  
RFS I C I S  I N 0  SU 

RCVR 
S - B I N D  EXC 
2 - B I N 0  TUT 
X-BNO E X C I T E R  
X - P I N 0  1UT 
u s 0  

PUR POYER CONTROL 
SHUNT REG 
O I S C H I R G E  CON 

FOS 
I I C S  GYROS 
S C I  CRS 

LECP STEPPER 
PPC 
P R I  4NT MOTOR 

T C l S  CRS SUPP 
CRS REPL 
L E C P  R A I N  SUP 
L E C P  LEPT SUP 
L E C P  REPL 
P P S  SUPP 
P L S  REPL 
P L S  SUPP 
UVS REPL 
I S S - N  O P T I C S  
I S S - N  V I O  REP 
I S S - U  V I O  REP 
I S S - N  E L E  REP 
I S S - Y  ELE REP 
W I R I S  REPL 

T C l E  1 Z  I C T  RED 
SUN SEN H T R  
I P U  V I L V E  HTR 
I P U  R E 0  V HTR 
I P U  THRUS HTR 
T C I P U  RE0 HTR 
SCN P L l F Y  HTR 



.fC Table 5 .  MJS77 Power P ro f i l e  Subassembly Detail Tabulation ( shee t  3 of 6)  

OPERATIONAL MODE 

2.4KHZ INV FNG LOADS 
n o s  TUU 

COU 
PYR TLM 

OISTRI  BUTION 
DISCHARGE CON 

CCS 
F O I  
A1CS PROCESS09 

MAJOR PUR SUP 
AP THRUSTERS 
AP TH REP HTR 
CST 
SUN SHUTTER 
SUN SENSOR 
SCAN 8 C I  
SCAN POTS 

PYPO INSTM 
OSU 

OSS 
REPL H I R  

STRU BAY 1 H I 9  
BAY 2 H I R  
8 1 1  6 H I 9  

PROP TCM HTR 

2.sKH2 I N V  S C I  LCAOS 
S C I  P R l  

PUS 
LECP 
PLS 
UVS 
UAG 
MAG SEN HTRS 
I S S  
MIRIS S l a v  
M I R I S  P R I  

REGULATED OC LCAOS 
R F I  ACIS  1NO SU 

RCVR 
5-BAND EXC 
S-BAN0 T U I  
X-EN0 EXCITE9 
X-BIND TUT 
US0 

PUR DOUER CONTROL 
SHUUT REG 
OISCHARGE CON 

FDS 
AlCS GYROS 
S C I  CRS 

LECP STEPDER 
'05 
PRA 6NT MCTOR 

TClS CRS SUPP 
CRS REPL 
LECP MAIN SUP 
LECP LEPT SUP 
LECP QEPL 
PPS SUPP 
PLS QEPL 
PLS SUPP 
UVS REPL 
I S S - N  OPTICS 
ISS-N V I O  REP 
1 5 s - U  V I D  REP 
I S S - N  ELE REP 
I S S - Y  ELE RED 
M I R I S  REPL 

TClE A2 ACT REP 
SUN SEN HTR 
I P U  VALVC HTR 
I P U  RE0 V HTR 
I D U  THRUS HTR 
TCAPU RED HTR 
SCN PLTFM HTR 

HEATER 
ON 

I 2 1  1 
L I28SM 

1 - 6 5  
5.35 
2.12 
1.52 

.10 
26.06 
16.14 
22.32 
14.99 
I 5.0510 

13.20 B 
2.53 

.DP 

.85 
5.05 

- 1 7  
2.83 

.oo 
21.bO 

.an 

.on 

.CO 
16.110 

.DO 

6.35 
1 - 3 0  
4.12 

.[IF 
1.91 
2.18 
2.07 

5 1 - 1 1  
1.60 

.oo 

8 7 
5.30 
2.37 

83.10 
.OO 
.to 
.UG 

2.02 
2.02 
1.01 

.oo 

.oo 

.ou 
- 4 2  

2.42 
.oo 
.oo 

5.23 
9.15 

.51 

.oo 

.oo 

.oo 
9 - 6 0  

.oo 
2.60 

.oo 

.oo 

.oo 

.OO 
1 3  .DL1 

.oo 

.oo 
3.35 
2.91 

.OQ 

.DO 

.no 

NRERTH 
S C 

122 1 
L1360M 

5. 65 
5.35 
2.12 
1.52 

.10 
26.06 
111.15 
22.32 
1 4  .*4 

1 5.05 18 
13.20 0 

2.53 
.oo 
.8 5 

5 .05 
.I 1 

2.83 
.oo 

7 1  - 0 0  
.o 0 
.o 0 
.oo 

16.40 . uo 

6.35 
1.38 
4.12 

.LO 
1.97 
2.18 
2.02 

91.11 I 
1.60 

115.6011 

-6 7 
5 - 3 0  
2.31 

89.10 
3 .30 

49 - 3 0  
-0 0 

2.02 
2.02 
1 .lI1 

. 0 0  . 0 0  
5.23 . 4 2  
2.42 . 0 0  . 0 0  . 0 0  
4.15 

5 1  . 0 0  . 0 0  . 0 0  
9. 60 . 0 0  
2.60 . 0 0  . 0 0  . 0 0  . 0 0  

13 .00  . 0 0  . 0 0  
3.35 
2. 9 1  . 0 0  . 0 0  . 0 0  

EARTH 
CR 

I 2 9 1  
L *  3C 

4 -65  
5.35 
2.12 
1 m52 

. I 0  
26.06 
14.15 
22.32 
IS.&* 

I 5.0510 
13.20 0 

2.53 
.oo 
- 8 5  

5.05 
.ll 

2.03 
~ 6 0  

21.00 
.oe 
.ac 
.oc 

16.40 
.oo 

6.35 
1 - 3 6  
4.12 
8.30 
1.91 
2.18 
2.02 

41.71 A 
1.6C 

(15.60)A 

8 7 
5.30 
2.31 

89.70 
3.3C 

qS.30 
3.30 
2.02 
2.02 
1.01 

.oo 

.oo 
5.23 

.42 
2.42 

.oo 
2.80 

.oo * .15 

.51 

.oo . 0 0  . 0 0  . 0 0  

.oo 
2.60 

.oo 

.oo 

.OD 

.oo 
13.00 

.oo 

.oo 
3.35 
2.91 

.OO . 0 0  . 0 0  

CRUISE 

1 2 5 )  
L I I  .BY 

4.65 
5.35 
2.12 
1.57 

.10 
23.75 
12.02 
22.32 
I*.@@ 
I 5.0510 

13.20 1 
2 - 5 3  

.oo 

.85 
5.C5 

- 1 7  
2.83 

.oo 

.OO 

.oo 

.CO 
13.20 
i 6 . r o  

.oo 

6.35 
1.38 
4. 12 
8.30 
1.97 
2.78 
2.02 

.on 
1.50 

.oo 

.81 
5.30 
2.31 

89.10 
.oo . C.0 

3.30 
2.02 
2.02 
1.01 

.on 

.oo 
5 - 7 3  

- 4 2  
2.42 

.OO 
2.80 

.oo 
4.15 

.51 
.oo 
.on 
.oo 
.oo 
.OO 

2.60 
5.56 
5.56 

10.50 
10.50 
13.00 

3.50 
1.80 
3.35 
2.31 

.no 

.no 

.on 

CRUISE 
T R 

I 2 6 1  
L l l . 6 1  

. 11.65 
5.35 
2.12 
1.52 

. I 0  
23.19 
1 2 . n ~  
22.32 
14.44 
I 5.0518 

13.20 B 
7 - 5 3  

.oo 

.85 
5.05 

.17 
2.83 

.PO 

.PO 

.PP 

.PO 
13.20 
16.40 

.oo 

6.35 
1 - 3 0  
4.12 
8.30 
1.91 
2.18 
2.02 

.P0 
7.90 

- 0 0  

- 8 7  
5.30 
2.37 

34 - 1 0  
3.30 

53  - 3 0  
3.30 
2.02 
2.02 
1.P1 

.oo 

.oo 
5.23 

a42 
2.112 

.oo 
2.80 

.oo 
5.15 

.51 

.oo 

.oo 

.oo 

.oo 

.oo 
2.60 
5 - 5 6  
5 - 5 6  

i o . s o  
10.50 
1 3  - 0 0  

3 .so 
1.80 
3.35 
2.91 

.oo 

.oo 

.oo 

F I R I N G  

13C I 
L*1.8Y 

9.65 
5.35 
2.12 
1.52 

.10 
26.06 
14.14 
22.32 
111.44 
25.25 0 

l33.2010 
2.53 
5.05 

. 8 5  
5.05 
. I1 

2.83 
.CG 

21.00 
.oo 
.oo 
.OD 
.oo 
.oo 

6.35 
1.38 
4.12 
8.30 
1.97 
2.78 

fperalta
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Table 5 .  MJS77 Power  Prof i le  Subassembly Detail Tabulation ( shee t  4 of 6 )  

2.4KHZ INV ENG LObOS 
MOS TMU 

cou 
PYR TLM 

DISTRIBUTION 
OISCH4RGE CON 

CCS 
FOS 
4bCS PROCESSOR 

WIJDR PYQ SUP 
bP  THRUSTERS 
bP TH REP HTR 
CST 
SUN SHUTTER 
SUN SENSCR 
S C I N  bC7 
SCAN POTS 

P Y R O  Iwsrn 
P SU 

OSS 
REPL H7R 

STRU BbV 1 WIR 
8 1 1  2 HTR 
e r r  6 u rn  

PROP r c n  HTR 

2.UKHZ I N V  S C I  LO405  
S C I  PRb 

PUS 
LECP 
PLS 
u v s  
nr G 
nro SEN H r R s  
I S 5  
M I R I S  STBY 
M I R I S  P R I  

REGUL4TEO OC LOADS 
RFS ACIS AN0 SY 

RCVR 
S-BAND EXC 
S-BbND TY1 
X-@NO EXCITER 
X-BAND TY1 
US0 

PUR POUER CONTROL 
SHUN1 REG 
OISCHIRGE CON 

FOS 
l 4 C S  GYROS 
S C I  CRS 

LECP STEPOER 
PPS 
PRb bNT UOTOR 

TCfS CRS SUPP 
CRS REPL 
LECP M l I N  SUP 
LECP LEPT SUP 
LECP REPL 
PPS SUPP 
PLS REPL 
PLS SUPP 
UVS REPL 
I S S - N  OPTICS 
ISS-N VID REP 
I S S - Y  VIO REP 
ISS-N ELE REP 
I S S - U  ELE REP 
M I R I S  REPL 

T C l E  bZ A C I  REP 
SUN SEN HTQ . 
I P U  VILVE HTR 
I P U  RE0 V H I R  
I P U  IHRUS HTR 
TCbPU RED WTR 
SCN P L l F M  WTR 

FARE NC 
J 2  

132 1 
L11.9.I 

4.65 
5.35 
2.12 
1.52 

.10  
26.06 
12.02 
22.32 
14. 44 

1 5.051 8 
13. 20 8 

2.53 . 0 0  
.8 5 

5.05 
.11 

2.83 . 0 0  
2 7.00 . 0 0  . 00 . 0 0  
16.40 . 0 0  

6.35 
1.38 
3.38 
8 - 3 0  
1.97 
3.28 
2 .bZ 

111.11 
7 .90 

1 5  .LO 

- 8 7  
5.30 
2.31 

39.70 
3.30 

72.60 
3.30 
2. 0 2  
2.02 
1.01 

NR ENC 
J 

1 3 3 1  
L* l . ?Y  

4.65 
5.35 
2.12 
1.52 

.10 
26.06 
12.02 
22.32 
14.44 

1 5.0510 
13.20 9 

2.53 
.oo 
- 8 5  

5.CS 
.17 

2.83 
.oo 

2 7.00 
.oo 
.a0 
.DO 
.no 
.oo 

6.35 
1.79 
3.18 
8.3b 
1 - 9 1  
3.28 
2.02 

9 1  7 1  
7.96 

1 5 - 6 0  

- 8 7  
5.30 
2.37 

34.70 
3.30 

12.60 
3.30 
2.02 
2.02 
1.01 

I C  ENC 

1 3 9 1  
L11.91 

9.65 
5.35 
2.12 
1.52 

.10 
26.06 
12.02 
22.32 
1 4  .44 
I 5.0518 

13.20 B 
2.13 

.oo 
85  

5.05 
. I 7  

2.83 
.oo 

27 - 0 0  
.00 . 00 
.oo 
- 0 0  . 0 0  

6.35 
1 - 1 9  
3.11) 
e.30 
1.91 
3.28 
2.02 

41.11 
7.90 

15.60 

~ 8 7  
5.30 
2 - 3 1  

34.70 
3.30 

12.60 
3.30 
2.02 
2.02 
1.01 

CCCULT 
J 

( 3 5 1  
L *l .%Y 

4.65 
5.35 
2.12 
1.52 

.10 
26.06 
12.02 
22.32 
14.41 
I 5.0518 

13.20 0 
.oo 

5.05 
- 8 5  

5.05 
- 1 7  

2 - 8 5  
.oo 

27.00 
.oo 
.oo 
.o 0 
.oo 
.oo 

6.35 
1.73 
3.78 
8 - 3 0  
1 - 9 7  

'3.28 
2.02 

b1.71 
1.90 

15.60 

- 8  7 
5 - 3 0  
2.37 

34.70 
3.30 

7 2.60 
3.30 
2.02 
2.02 
1.01 

POSTEN CRUISE 
J 

I 3 6 1  ( 3 7 1  
L*Z.OY L*I.OV 

CRUISE S C I  
T R MV 

t 3 0 1  I 3 9 1  
L + I . O l  L*I.CY 



J ~ a b l e  5 .  MJS77 P o w e r  P r o f i l e  Subassembly  Deta i l  Tabulat ion ( s h e e t  5 of 6 )  

WANV 
OPERlT ICN lL  MODE OR 

l u l l  
L I5 .0V  

2.4KHZ INV ENG LOLOS 
n:s r r u  4 - 6 5  

COU 5.35 
PUR TLM 2.12 

CISTRIBUTION 1.52 
DISCHARGE CON .1U 

CC5 26.1'6 
F D 5  14.15 
AACS PROCESSO? 22.72 

MAJOR PYR SUP 14.52 
AP THRUSTERS 1 5 .05 lP  
bP TH RLP H lR  13.20 B 
CST 2.53 
SUN SHUTlE9 5.n5 
SUN SENSOR .P5 
SCAN ACT 5.D5 
SCAN POTS . I 7  

PVRO INSTM 2.83 
P S U  .no 

OSS 27.00 
REPL H7R .OD 

STRU FAY 1 HTR .OU 
PA1  2 HTR .OU 
err 6 H T R  .no 

PROP TCU HTR .00 

2.9KHZ I N V  SCI  LOAOS 
S C I  PRA 

PUS 
LECP 
PL S 
UVS 
YAG 
P4G SEN HTRS 
I S S  
U I R I S  ST81  
M I R I S  P R I  

REPULATEC OC LOACS 
RFS & C I S  AND SU 

RCV2 
S-BAND EYC 
5-BAND TUT 
X-PYO EXCITER 
X-@bNO TUT 
u s 0  

PUR POWER CONTROL 
SHUNT REG 
DISCHIRGE CON 

FD5 
AACS GYROS 
S C I  t R S  

LECP STEPPER 
PPS 
PRA ANT MOTOR 

T C l S  CQS SUPP 
CRS QEPL 
LECP PAIN  SUP 
LECP L E P I  SUP 
LECP QEPL 
PPS SUPP 
PLS REPL 
PLS SUPP 
UVS REPL 
ISS-N OPTICS 
I S S - N  VIO REP 
ISS-Y VIO REP 
ISS-Y  ELE REP 
ISS-Y  ELE REP 
M I R I S  REPL 

TCfE 1 2  ACT REF 
SUN SEN HTR 
I P U  V4LVE HTR 
I P U  RE0 V HTR 
I P U  7HRUS HTR 
TCAPU RED YTR 
SCN PLTFV HTR 

NRENCG 
5 

145 I 
L+U.lV 

4.55 
5.15 
2 - 1 7  
1.52 

.10 
?6.C6 
12.['2 
72.32 
14.49 
I 5.n518 

13.20 8 
2.53 

. tP . e s  
5.05 

-17  
2 - 8 3  

.FO 

.oo 

.nn 

.oo 
19.20 

.EO 

.oo 

6.35 
1.79 
3 - 7 0  
8. M 
1.31 
3.28 

.no 
51.1 1 

7 a90 
15.60 

- 8 7  
5.30 
2.37 

34.70 
3.30 

7 2.60 
3.30 
2.02 
2.02 
1.01 

NR ENC 
C 

156  I 
L I 4 . l Y  

4.65 
5.35 
2.12 
1 a52 

.10 
26.06 
12.02 
22.32 
12.44 

( 5.n518 
13.20 8 

2.53 
.no 
- 8 5  

5.n5 
.17 

2.83 
.on 

2 7 - 0 0  
.oo 
.no 
.no 
.oo 
.oo 

6.35 
1.79 
3.78 
8.30 
1.91 
3.28 

.oo 
91.71 

7.90 
1 5  0 6 0  

.87 
5.30 
2.37 

34. 10  
3.30 

49.30 
3.30 
2.02 
2.02 
1.01 

OCCULT 
s 

( a 7 1  
L I 9 . 1 1  

0.65 
5.35 
2.12 
1.52 

.10 
26.06 
12.o2 
22.37 
14.59 

1 5.0518 
13.20 E 

.O[I 
5.05 

.85 
5 .a5 

- 1 7  
2.83 

.oo 
2 7 - 0 0  

.oo 

.oo 

.oo 

.oo 

.oo 

6.35 
1.73 
3.78 
8.30 
1.97 
3.28 

.oo 
41.11 

7.90 
15.60 

- 8 7  
5.30 
2.37 

34.10 
3.30 

49.30 
3.30 
2.02 
2.02 
1.01 

POSTEN 
S 2 

1 4 9 1  
L I*. 2'1 

4.65 
5.35 
2.12 
1.52 

.10 
26.C6 
12.C2 
22.32 
111.49 

I 5.0519 
13.2C B 

2.53 
.CC 
.8K 

5. C5 . 17 
2.83 

.C@ 
27.00 

.oc 

.oo 

.oo 
16.40 

.oo 

6.35 
1.38 
3.98 
8.3C 
1.97 
2.78 

.CO 
41.71 

7.90 
15.60 

- 8 7  
5.30 
2.37 

34.70 
3.30 

72.60 
3.30 
2.02 
2.02 
1 . E l  





Table 6 .  MJS77 Power  Prof i l e  Subsystem Tabulation ( shee t  1 of 6) 

2.4KHZ I N V  ENG LOAOS 
nos 
PYR 
CC S 
FOS 
AAC S 
P VRO 
OSS 
S TRU 
PROP 

TOTAL ENG LCAO 
2.4KHZ I N V  S C I  LOAD 

S C I  
AC YIRING LOSS 
T O T I L  2.4KHZ I N V  LOAD 
2.4KHZ I N V  LOSS I T  PFZ1.0 
POUER FACTOR 
PYR FACTOR LOSS 
TOTAL 2.4KHZ I N V  I N P U T  

REGULATED OC LOAOS 
RF S 
PYR 
FO S 
I ACS 
SC I 
T C I S  
TC I E  

T O T I L  REG OC LOAD 
OC YIRING LOSS 

T O T A L  o c  eus POUER 

RTO C A P A 8 I L I T Y  I M I N I  
RTG C I R C U I T  LOSS 
NET POUER C A P A e I L I T V  I X I N I  
POUER MARGIN ( M I N I  
SHUNT REGULATOR 0 1  SS 
SHUNT RADIATOR OISS 
SHUNT 9 1 0  CABLE LOSS 

RTG C A P A B I L I T Y  IUOST P 9 0 8 )  
RTG C I R C U I T  LOSS 
NET POUER CIP. lt!OST PROB) 
POUER MARGIN IMOST PRO81 
SHUNT REGULATOR D I S S  
SHUNT RADIATOR OISS 
SHUNT RAO CABLE LOSS 

UNSHRT 

I 1 1  
L-4 Eon 

5.35 
3.74 

26.06 
.oo 

22.32 
.OO 
.oo 
.oo 
.oo 

57.17 

1.60 
.08 

59.15 
3.34 

- 9 4 5 6  
.PO 

62.70 

6 -1 7 
5.05 

- 6 0  
.DO 
.00 
.DO 
.oo 

11.82 
- 0 6  

74.58 

TURNON 

I 2 1  
L-477M 

10.10 
3.74 

26.06 
14.14 
22.32 

.G C 
.oo 
.0 0 
.OJ 

76.66 

1.60 
.13 

18.39 
4 - 1 2  

.9442 
.3 3 

82.85 

6.17 
5.05 

.oo 
.o C . 0 0  
.O G 
.OD 

11.22 
.li 

94.17 

I 1 5 1  
L *  on L* i o n  

COAST UINPUR 
1 

1 6 )  1 7 1  
L *  12M L *  zon 

COAST 
2 

I 8 )  
L *  e o n  

10. 40 
3.74 

23.74 
1 8 . l r  
42.66 

3.81 
22.73 

.o 0 

.oo 
121.25 

1.60 
- 3 2  

123.17 
5.82 

- 9 5 1  7 
.5 5 

129.54 

43.24 
5 - 0 5  

.oo 
20.60 

.OD 
- 0 0  

65.40 
134.29 

.62 

264 - 4  5 



* Table  6 .  MJS77 Power  P ro f i l e  Subsys tem Tabulation (sheet  2 of 6 )  

OPERA T I  ONAL MODE 

2.4KHZ I N V  ENG LOADS 
nos 
PYR 
CC S 
FDS 
AAC S 
P VRO 
D SS 
STRU 
PROP 

TOTAL ENG LOLD 
2.4KHZ 1NV SCI  L O I D  

SCI  
AC YIRING LOSS 
TOTAL 2.4KHZ I N V  LOAD 
2.4KHZ I N V  LOSS AT PF-1.0 

PYR FACTOR LOSS 
TOTAL 2.4KHZ I N V  I N P U l  

REGULATED OC LOACS 
RF S 
PYR 
FD S 
AACS 

. K I  
1C/S 
TC /E 

TOTAL REG DC LOAD 
OC YIRING LOSS 

TOTAL DC BUS POYER 

RTG C IPA3iLI .TY ( M I N I  
RTG C IRCUIT  LOSS 
K T  P O K R  CAPABILITY I M I N I  

POYER MARGIN I M I N I  
SHUNT REGULATOR 0 1 5 s  
SHUNT RIDTATOR D ISS  
SHUNT RK) CA8LE LOSS 

RTS CAPABILITY IMOST PRO81 
RTG C IRCUIT  LOSS 
K T  P O Y R  CAP. tnosT  PRoe) 

POYER WARGIN tnosT  PRC91 
WUNT REGULATOR OISS 
SHUNT RADIATOR DISS 
SHUNT RbO CABLE LOSS 

SRU8RN 

Ill I 
L *  51n 

10.50 
3.14 

26.06 
14.14 
31.61 
29.29 
22.13 

.oo 

.oo 
1 4 3 . 9 7 .  

1.60 
- 4 1  

145.98 
6.80 

. 9901  
.13 

152.92 

43.24 
5.05 

.oo 
72.00 

.oo 

.OO 

.oo 
120.29 

.68 

213.89 

PST IN  J 

1121 
L *  5 2 9  

10.10 
3.14 

26.06 
14.14 
42.66 

4 -36  
22.73 

.OU 
.o 0 

124.09 

1.60 
.3 3 

126.02 
5.?3 

.9535 
.55 

132.50 

43.26 
5.05 

.oo 
36.62 

.oo 
.O c 

41.00 
1 3 1  - 9 1  

6 1  

265.03 

DEPLOY 
1 

I 1 3 1  
L*  53M 

10.50 
3.76 

26.06 
15 .19  
42.66 
2 9  - 2 9  
22.13 . 0 0  

.OG 
149.02 

1.60 
.44 

151.06 
1.03 

- 9 8  98 
- 1 5  

158.25 

43.24 
5.05 . 0 0  

21.6C 
.oo 
.Ot 

41.00 
122.85 

. I 0  

281 .84  

CEPLOY 
2 

I 1 4 1  
L *  5 5 3  

10.50 
3.75 

26.96 
19 - 1 4  
41.88 

4.36 
22.13 

.oo 

.oo 
1 2 9 . 3 1  

1.60 
e36 

131 .21  
6 .15 

. 9511  
- 6 1  

138.04 

0 3 - 2 4  
5 .05 

.oo 
2 1  -66 . 0 0  

.oc 
41.00 

122 - 8 9  
- 6 0  

2 6 1  e52 

SUN A Q  

I 1 7 1  
L * l l 6 M  

10.00 
3 -14 

26.06 
i r  . i ~  
56.03 

2 m83 
22.73 

.oo 

.oo 
135 .53  

8.50 
-4 3 

149  - 4 6  
6.13 

- 9 5 1  7 
-62 

151 .81  

43.24 
5.05 

.oo 
16.86 . 4 2  
13.98 

6 .32 
85.81 

. 5 1  

238.19 

CANOP 
AQ 

1.1 ? I 
L*150M 

10 .00  
3 - 7 4  

26.06 
14 - 1 6  
58.56 

2.83 
27 .oc 

.oo 

.OC 
142.33 

18.20 
.53 

1 6 1  -06  
1.51 

.9588 
.I1 

169.28 

53.24 
5.05 

.oo 
1 6  - 8 6  

.42 
13.98 

6.32 
85  -8 7 

- 6 0  

255.75 

F IRST  
CR 

I 2 0  1 
L*24OR 

10.00 
3.14 

26.06 
16 - 1 4  
58.56 

2.83 
2 1  .@C 
16.40 

.CO 
158.13 

59.91 
.9 1 

219.61 
11.4c 
- 9 6  29 

1.12 
232.13 

98.24 
5.05 

.oo 

.OC 
2.84 

13.18 
6 .32 

126 .43  
1.21 

3 5 9  -1 1 



Table  6 .  

OPERA T I O N I L  MOOE 

2.4KHZ I N V  ENG LOADS 
W S  
PYR 
CC S  
F O S  
AAC S  
P I R O  
OSS 
S  TRU 
PROP 

TOTAL ENG LOAD 
2.4KHZ I N V  S C I  L O 4 0  

S C I  
AC W I R I N G  LOSS 
TOTAL 2.4KHZ I N V  L O I O  
2.4KHZ I N V  LOSS AT PFs1 .U  
POUER FACTOR 
PYR FACTOR LOSS 
TOTAL 2.4KHZ I N V  I N P U T  

REGULATED OC LOADS 
RF S 
PUR 
F O S  
AACS 
S C I  
T C f S  
TC /E 

TOTAL REG DC LCAO 
OC Y I R I N G  L O S S  

T O T A L  o c  eus POWER 

R T G  C f i P A a r L r r Y  IMIYI 
R I G  C I R C U I T  LOSS 
NET POWER C P P A e r L I T y  IYINI 
POWER MARGIN I H I N I  
SHUNT REGULATOR O I S S  
SHUNT RAOIATOR D I S S  
SHUNT RAO CABLE LOSS 

R T G  CAPABILITY 1nos.T P R o e )  
RTG C I R C U I T  LOSS 
NET POWER CAP. l n o s T  P R o e 1  

POWER MARGIN 1MOST P R C B l  
SHUNT REGULATOR O I S S  
SHUNT RADIATOR O I S S  
SHUNT R I D  CABLE LOSS 

P o w e r  P r o f i l e  S u b s y s t e m  Tabulat ion ( s h e e t  3 of 6 )  

NRERTH U S 0  ON EARTH CRUISE 
SC CR 

1 2 2 )  1 2 3 )  1 2 9 )  1 2 5 1  
~ * 3 6 0 ! !  L *  4 8 H  L *  3 0  L + l . d Y  

C R U I S E  S C I  PLAYBU MANV F I R I N E  
TR MV T  R  OR 

1 2 6 )  1 2 7 )  I 2 8 1  1 2 9 1  1 3 0 1  
L * l . 8 Y  L I 1 . 8 Y  L*1.8Y L*1.8Y L* l .BY  



$k Table 6 .  MJS77 Power Prof i le  Subsystem Tabulation (sheet  4 of 6 )  

OPFRATIONIL nOoE 
FIRFNC 

J 1 -  
1  31  I 

L.1.91 

10.00 
3.74 

26.06 
12.02 
58.56 

2.83 
27 -00  
16.40 

.oo 
156.61 

90.47 
1.25 

248.33 
13.85 
- 9 6 1 5  

1.47 
263.65 

FIRENC 
J 2  

132) 
L *1 .91  

10.00 
3.74 

26.06 
12.02 
58.56 

2.83 
27.00 
16.46 

.OO 
156.61 

92.49 
1 .21 

2 5 5  - 3 1  
15.02 
- 9 6 2 0  

1.47 
265 -86  

MI ENC 
J 

133)  
L * 1  9 1  

10.00 
3.14 

26.06 
12.02 
58 -56  

2.83 
27.00 

.OG 

.oo 
140 .21  

32.7C 
1.12 

234.03 
12.63 
- 9 5 6 9  

1 - 4 8  
248.15 

I 0  ENC 

134)  
L * 1 . 9 1  

10.00 
3.74 

26.06 
12 .02 
58.56 

2.83 
27.00 

.oo 
.oo 

140.21 

92 -70  
1.12 

234 - 0 3  
12.63 
e9569 

1.48 
248.15 

CCCULT 
J 

1 3 5 )  
L *1 .91  

10.00 
3.74 

26.06 
12.02 
61.08 

2  .83 
27.00 

.oo 
.oo 

142 - 7 3  

92.70 
1.15 

236 a58 
12.85 
.9573 

1.50 
250.93 

POSTEN 
J 

136 I 
L* 2.01 

1 0  .oo 
3.14 

26.06 
12 - 0 2  
58.56 

2.83 
27 - 0 0  

.GO 

.oo 
140.21 

93.04 
1.13 

2  34 a38 
12.66 
-9569  

1.49 
248 a53 

CRUISE 

1 3 7 )  
L * * .O I  

10 .oo 
3 -74 

23.14 
12.02 
56.56 

2.83 
.oo 

35 -60  
.oo 

146.49 

3 2  -80  
.65  

179.94 
8.59 

-9668  . Fi 9 
Y E 9  e l  7  

CRUISE 
TR 

1 3 8 )  
L * 4  .or 

10  .oo 
3.74 

23.74 
12.02 
58.56 

2  .a 3  
.oo 

35.60 
.oo 

146.4 9  

32.82 
-66  

181.91 
8.61 

.9675 
- 6 8  

191.32 

2.OKHZ I N V  LNG LOIDS 
ms 
PYR 
CC S 
FOS 
nnc s 
P VRO 
OSS 
S TRU 
PROP 

TOTAL ENG LOIO 
Z.4KHZ INV SCI  LO40 

S t 1  
I C  YIRING LOSS 
TOTAL 2. 4KHZ INV LOAD 
2.OKHZ INY LOSS 4 1  PF=I .O 

POYER FACTOR 
PYR FACTOR LOSS 
TOTIL 2.4KHZ INV INPUT 

REGULATED DC LOIOS 
RF S 
PYR 
FOS 
AAC S 
scr 
TC /S 
?C /E 

TOTAL REG OC LOAO 
OC YIRING LOSS 

TOTAL OC BUS POYER 

RTG CIP IOXLITY  I R I N )  
RlG CIRCUIT LOSS 
NET PO'ER CIPA!ILITY ISXNt  
POYER MARGIN 1HIN)  
SHUNT REGULlTOR OISS 
SHUNT R lOI ITOR OISS 
SHUNT RAO CI8LE LOSS 

RTG CAPABILITY t n o s t  PRO81 
RIG CIRCUIT LOSS 
M T  POKR CAP. t n o s t  P R O B I  
POYER MARGIN tnOSl  PRO61 
SHUNT REGULATOR OISS 
SHUNT RAOIITOR OISS 
SHUNT RID CABLE. LOSS 



* Table  6 .  MJS77 P o w e r  P r o f i l e  Subsys tem Tabulat ion ( s h e e t  5 of 6 )  

OPERATIONAL MOOE 

2.4KHZ I N V  ENG LOADS 
W S  
PYR 
CC S 
FOS 
1AC S 
PIRO 
oss 
STRU 
PROP 

TOlAL ENG LOAO 
2.4KHZ I N V  S C I  L o b 0  

S t 1  
AC b I R I N G  LOSS 
TCTAL 2.9KHZ I N V  L O l D  
2.4KHZ I N V  LOSS AT PF-1.0 
POYER FACTOR 
PYR FACTOR LOSS 
TOTAL 2.9KHZ I N V  INPUT 

REGULATED OC LOADS 
RF S 
PYR 
FOS 
AAC S 
SC I 
T C l S  
l C  /E 

TOTAL REG OC LOAO 
OC MIRING LOSS 

TOTAL DC BUS DOYEQ 

RTG C A P A B I L I T Y  I M I N I  
RTG C I R C U I T  LOSS 
NET POYER CAPAPIL ITY [ % I N )  
POYER MARGIN I WIN) 
SHUNT REGULATOQ CISS 
SHUNT RADIATOR OISS 
SHUNT R I D  CAeLE LOSS 

R T G  CAPA~ILITY t n o s l  P R O @ )  
RTG C I R C U I T  LOSS 
K T  P O C R  CIP. l n o s r  P R O R I  
PCVER MARGIN IMOST ?ROB) 
SHUNT REGULATOQ OISS 
SHUNT RIDIATOR OISS 
SHUNT RAC CABLE LOSS 

FIRING 

1421 
L**.OY 

10.00 
3.7 y 

26.06 
14.19 
75.66 

2 - 8  3 
27.00 
24.2c . 0 0  

183.63 

32.8C 
.97 

217.9C 
11.22 
.9562 

1.31 
229.93 

9 6  - 5 9  
5.05 

.o 0 
16.86 

8.07 
55.18 
11.3C 

193.00 
1 - 2 6  

374.19 

FARENC 
S 1 

1 9 3 )  
L*4. l Y  

10.00 
3.72 

26.06 
12.02 
58.56 

2.83 
27.00 
16.4b . 0 0  

1 5 6 . 6 1  

90.47 
1.25 

248.33 
13.85 
.9615 

1.47 
263.65 

154.19 
5.05 

.OG 

.oo 
8.07 

10.06 
11.30 

188.62 
1.91 

459.18 

FARENC 
S 2 

1 4 9 )  
L*9. 11 

10.00 
3.74 

26.06 
12.02 
58.56 

2 - 8 3  
27.00 
1 6  - 9 0  

.oo 
156.61 

90.97 
1.25 

248.33 
13.85 
.9615 

1.47 
263 - 6 5  

122 .44 
5.05 

.oo 

.oo 
8.07 

10.06 
11.30 

156.92 
1.66 

922.23 

NR EhC 
5 

146 1 
L*S. lY  

10.00 
3.74 

26.06 
12.t2 
58 .56  

2.83 
27.00 

.CO 

.oo 
190.21  

9 0  -68  
1.11 

2 32 .PO 
12.u5 
- 9 5 6 2  

1 . a ~  
2 9 5  - 9 3  

5 9  - 1 4  
5.05 

.oo 
16.86 

8 .C7 
10.06 
11.30 

150.40 
1 - 4 3  

397.89 

FOSTE h 
5 1  

I n 8  I 
L*S.tY 

1 0  .OD 
3.74 

26  - 0 6  
12.02 
58.56 

2 -8 3 
27 .OO 

.o 0 . 0 0  
140.21 

90.38 
1.10 

231.6 9 
12.97 
- 9 5 6 2  

1.48 
245.60 

9 9  - 1 9  
5.05 

.o 0 
16.86 

8.01 
10.06 
11.30 

150.a8  
1.93 

391.51 

POSTEN 
s 3 

1 5 0 )  
L+4.2Y 



% Table  6 .  MJS77 Power  Prof i l e  Subsystem Tabulation ( shee t  6 of 6 )  

OPERATIONAL MODE 

2.4KH2 I N V  ENG LOAOS 
nos 
PUR 
CCS 
FO S 
AACS 
P I  RO 
0 SS 
STRU 
PROP 

TOTAL ENG LOAO 
2.4KHZ I N V  S C I  LOAO 

SC I 
A C    IRING LOSS 
TOTAL 2.4KHZ I N V  LOAD 
2.4KH2 I N V  LOSS AT Pf=l .O 
POYER FACTOR 
PYR FACTOR LOSS 
TOTAL 2.4KH2 I N V  I Y D U T  

REGULATED OC LOAOS 
RF S 
PUR 
FO S 
AACS 
SC I 
T C l S  
TC I E  

TOTAL RE6 DC LOAD 
OC Y I R I N G  LOSS 

TOTAL DC BUS POYER 

RTG C A P A 8 I L I T Y  I M I N )  
RTG C I R C U I T  LOSS 
NET POYER C A P A 8 I L I T V  I N I N )  
POYER MARGIN I ' I I N )  
SHUNT REGULATOR O I S S  
SHUNT RADIATOR D I S S  
SHUNT R I D  CABLE LOSS 

R T G  CAPAIILITY l n o s T  PROB)  
RTG C I R C U I T  LOSS 
NET POUER CAP. r n o s T  P R o e )  
POYER MARGIN IYOST PROB) 
SHUNT REGULATOR 0 1  SS 
SHUNT RADIATOR O I S S  
SHUNT R I D  CABLE LOSS 

FARENC 
111 

( 5 1 )  
L.8.01 

FARENC 
2 u  

I 5 2  1 
L *8.0V 

NR ENC 
U 

( 5 3 )  
L*~.CIY 

10.4c 
3.74 

26.06 
12.02 
58.56 

2.83 
27.0C 
16.40 

.OG 
157.01 

OCCULT ' 
U - 1 5 4 )  

L + 8  .OV 

1 0  .40 
3.74 

2 6  - 0 6  
12.02 
61.08 

2.8 3 
2 7  .OO 
24.20 

.no 
167.33  

90.47 
1.36 

259.16 
1 4  - 7 0  
- 9 6  3 8  

1.43 
275.35 



Table  7 .  

E N E I N C E R I N G  
n o s  TMU 

CCU 
P i l R  TLM 

O I S T Q I  B U T I O N  
O I S C H A R G E  CON 

c c s  
F D S  
A I C S  PROCESSOR 

I I J O R  PYR SUO 
I P  THRUSTERS R 
1 P  TH R f P  H I Q  0  
CST 
SUN SHUTTER 
SUN SENSOR 
SCAN 1 C T  
SCAN P o T i  

PVRO I N S T M  
P S U  

0 5 5  
R E P L  H I 9  

S T R U  BAV 1 H T R  
81 '1  2  H T 7  
BAY 6 H T R  

P?OP TCH H T R  
S C I f  NCE 

S C I  P R 4  
pus 
L E C P  
P L  S  
U V S  
MAG 
'I10 SEN H T R S  
I S S  A  
M I R I Z  S T 9 Y  
H I R I S  P R I  A  

R E G U L l T E D  OC 
R F S  A C I S  I N 0  SU 

QCVR 
S - B A N D  EXC 
5 - B b h D  TYT 
X-BNO E X C I T E R  
X - 9 1 1 0  T h T  
US 0  

P d R  POWER COYTROL 
SHUNT REG 
O I S C H A R G E  COY 

F D S  
1 1 C S  GYROS 
S C I  CRS 

L E C P  STEPPER 
P P S  

PRA 1 N T  YOTOR 
T C / S  CRS S U P P  

CRS R E P L  
L E C P  M A I N  SUP 
L E C P  L E P T  SUP 
L E C P  R E P L  
P P S  SUPP 
P L S  ' IEPL  
P L S  SUPP 
UVS Q E P L  
ISS-N  o P r I c s  
I S S - Y  V I O  R E P  
I S S - Y  V I D  REP 
I S S - N  E L E  R E P  
I S S - Y  E L E  REP 
M I R I S  R E P L  

T C l E  I Z  1 C T  REP 
SUN S E N  HTR 
I P U  V I L V E  H T ?  
I P U  Q E D  V  HTR 
I P U  THRUS HTR 
TCAPU R C D  HTR 
SCN P L T F M  HTR 

MJS77 P o w e r  P r o f i l e  P o w e r  Load Coding Tab le  

POYEA SCURCC CURRCNT 
1 2  3 9 5 6 7 8 9 F A C T O R  B u s  COEFF.  

1 C 2  
1 C 1  
L C 1  
A C 1  
1 C l  
A C 1  
1 C 2  
A C 1  
L C 1  
A C 1  
I C 1  
A C l  
A C 1  
A C 1  
1 C 1  
4 C 1  
1 C 2  
1 c 1  
A C 2  
A C 2  
1 C t  
ACZ 
A C 1  
ACZ 

I C Z  
L C 2  
A C 2  
A  C 2  
I C 2  
A t 2  
b C 2  
a c t  
A C 2  
A  C 2  

D C 1  
O C 1  
D C Z  
DC 2  
OCZ 
OC 2  
O C 1  
OC 1 
O C 1  
O C l  
O C 1  
O C l  
D C Z  
OC 2  
OC2 

OC 2 
O C 2  
OC 2  
D  C 2  
OC2 
o c z  
OCZ 
D C 2  
DC 2  
D C Z  
OCZ 
O C 2  
OCZ 
D C Z  
OC 2  
0 C 2  
DCZ 
D C 2  
OCZ 
D C 2  
OC 2  
O C Z  
OC 2  



Table  8.  P o w e r  P r o f i l e  Operat ing T r a n s i e n t  Loads  

LOAD VARIAT IONS FROU THC VALUES L I S T E D  I N  THE SUBASSEMBLY 
D E T A I L E O  TABULATION* EXCLUSIVE  OF TURN-ON TRANSIENTS. 

SUBSYSTEM V A R I A T I O N  
UATTS 

MAG 11 .D 

-3.2 

U SO e 2 . 0  

PROP *13.13 

COMMENT 

1.7 SECONCS AFTER EACH SPEEG INCREASE AND 
1.7 SECONDS AFTER THE START OF EACH RECORD 
n o o E ~  PUR LILL DECREASE 4.5 M A T T S  T O  S T E A D Y  
STATE PYR OF 22 .73  MATTS-  

3 : .  . 
FOR 29 UXNUTES EACH DAY FOR I N - F L I G H T  
C A L I B R A T I O N  DURING NEAR-ENCCUNTER. 
ONCE PER MEEK DURING FAR ENCCUNTER AN0 
CRUISE 

2.9 M PEAK FOR 0.2 Sa 1 - 6  U FOR 0.4 S r  
10.6 S CYCLE) DURING ENCOUNTER. 
COMMANDED BY FDS. 

7 6 1  1 I , .  

DURINB MODES 24-311 AhD 3 6 - 4 3  F L I P P E R  
HEATER POWER REQUIRED T Y I C E  MEEKLY FOR 
FOUR PERIODS-  EPCH PERICD OF OPERATION 
SHALL BE APPROX 6 MIVUTES. 

V I D I C C N  DEFLECTIOH C IRCUITRY . 
INIFLIGHT CALITRLTION. COMUANDABLE. 
I@ SCC. ONE EACH 96 SEC FCR SEVERAL 
FnAMES. EARLY ENCCUNTER ANQ POST- 
ENCOUNT ER. 

FLASH OFF HEATER. COMMANOABLE. NEVER 
DUR I N  G EN COUNTER . 
RAMP UP AND OOYN ON 4 9  S CYCLE. 

FOR THE F B S T  5 HOURS AFTER TURN ON. 

Y I L L  OCCUR I F  ONE SET OF TCA?U THRUSTERS 
F A I L S .  USE0 TC SY I T  CH FROM SYSTEM A 

TO 0 AND ON THE F I R S T  USE OFTCAPU 
THRUSTERS AT APPROX- L @ 6 3 I ?  

PROP I S 0  VALVE ON TCH OPERATES BEFORE 
AND AFTER EACH MANEUVER. 

PRA/PYS e60.0  ANTENNA DEPLOY. VALUE SHOYN REPRESENTS 
A STALLED MOTCR AND FUR REQUTRED TC BLGY 

A 1.5 AnP FUSE 

*19.0 CAPACITOR DISCHARGE -- OCCURS FOR 2 SECONDS 
AFTER EACH PYRG EVENT-  

410 1 0  1 5  HAG C 4 L  C O I L  ENA6LED.POUER VARIES AS C O I L  
RESISTANCE VARIES AS FUNCTIOK OF TEMP. 
10 U NEAR EARTH* 1 5  Y NEAR SATURN. 



MJS77- 3- 2 5 0  A 

Table 9.  Gyro Power  

Quiescen t  P o w e r  ( L o w  R a t e ) :  7. 5 w a t t s / g y r o  
Quiescen t  P o w e r  (High Rate ) :  9. 0 w a t t s l g y r o  

Sa tu ra t ion  P o w e r :  6 . 6  w a t t s l g ~ r o  
R a t e :  2 . 4  w a t t s / ( d e g / s e c ) / a x i s  (High R a t e )  

4 .  0  w a t t s / ( d e g / s e c ) / a x i s  (Low R a t e )  

M i s s i o n  
V o d e  

17 .  18 ,  1Y,27 ,  
29. 30,  33, 34. 

::: jk: :z: %:; 
48, 54 

6 ,  7 ,  8  

3 

12 

1 0 ,  1 3 ,  14 ,  
1 5 , 1 6  

4 ,  5. 9 

11 

On any M i s s i o n  P h a s e  w h e r e  the  g y r o  i s  t u r n e d  on  in the Low r a t e  mode  (7 .  5  w a t t s l g y r o ) ,  
t h e r e  i s  a  peak t u r n  on power  of 9. 0  w a t t s l g y r o  f o r  1 0  s e c o n d s .  T h i s  i s  a  t r a n s i e n t  
d e l t a  of + I .  5  w a t t s / g y r o  above q u i e s c e n t  s t e a d y - s t a t e  power  f o r  10 s e c o n d s .  

To ta l  
p o w e r  
Wat t s  

16 .  86 

2 0 . 6 0  

1 5 . 0 6  

36.62 

2 7 ' 6 0  

4 4 . 2 0  

72. 00 

M i s s i o n  P h a s e  

Al l  a x e s  I n e r t i a l  a n d  
Command  T u r n  
2 G y r o s  a t  Low R a t e  

Launch  

2  G y r o s  a t  Low R a t e  

G v r o  Hea l th  
Ground T e s t  
2  G y r o s  a t  Low R a t e  

P o s t  In jec t ion  and 
Commanded  T u r n  
2  G y r o s  a t  High R a t e  

Deploy and J e t t i s o n  

2  G y r o s  a t  High R a t e  

Launch  

2  G y r o s  a t  Low R a t e  
S a t u r a t e d  

P . M .  B u r n  

2  G y r o s  a t  High R a t e  

A s s u m e d  Vehic le  
R a t e s  DegISec  

< 0. 2 3  (one  S I C  a x i s )  - 

5 0. 003 ( two S I C  a x e s )  

< 0 . 2  (P  & Y) - 

5 0. 5  ( R )  

< 0. 004 (P,  Y. R )  - 
( E a r t h  Rota t ion)  

< 2 .  88 (one S I C  a x i s )  - 

5 1. 0  ( two S I C  a x e s )  

< 1 . 0  (P ,  Y, R )  - 

> 1 . 0  ( P ,  Y, R )  - 

5 7 .0  (P & Y )  

51. 5 ( R )  

Equat ion 

2(7. 5 ) t 2 ( 4 .  O)(O. 2 3 ) t 2 ( 4 .  O ) ( O .  003) 

A 
2(7. 5 ) + 2 ( 4 .  O ) ( O .  2)+2(4.  O ) ( O .  5) 

n 
2(7. 5 )+4(4 .  o ) ( O .  004)  

2(9. 0 )+2(2 .4  ) ( 2 . 8 8 ) + 2 ( 2 . 4 ) ( 1 .  0)  

2(9. 0 )+4(2.4  ) ( I .  0 )  

A 
2(7 .5 )+4(4 .  0)(1. 0)+2(6.  6 )  

2(9. 0 )+3(2 .  4 ) (7 .  0 )+1(2 .4 ) (1 .  5 )  



CALL RELAYS HAVE 2 .A CONTACTS ;INLESS OTHEXWISE NOTEE 

**BAY 6 HEATERS ARE ASSIGNED TO STRU ALTHOUGH THE COMMAND MNEMONICS INDICATE 
AACS. THESE RELAYS WERE ORIGINALLY DESIGNATED AACS SPARES 

SOURCE 
AC 1/2 
DC 1/2 

30 VDC 
(DC2) 

2.4 KHz 
(AC2) 

2.4 KHz 
(AC 1) 

$ F i g u r e  2 .  U s e r  S u b s y s t e m  F u n c t i o n s  Swi t ched  b y  P o w e r  S u b s y s t e m  

SUBSYSTEM 

STRU 

a - 

a - 

- 

TYPE RELAYS - DUAL (D)/SINGLE (s )  * 
CCS COMMANDS/FUNCTIONS 

CClCR 

/ MAGNETOMETER 

CC l C  CALIBRATION COIL 

CCIPHRP / CCIPHRS 

Dc/- SCAN PLATFORM 

CClPHP / CClPHS HEATER 

CClDR 
s 

BAY 2 HTR 
CClD 

CClTR 

BAY 1 HTR 
C C l D  

**CC7BARP / CC7BARS 
D bw BAY 6 "A* HTR 

CC7BAP / CC7BAS 

**CC7BBRP / CC7BBRS 
D - BAY 6 "0" HTR 

CC7BBP / CC7BBS 



*ALL RELAYS HAVE 2 A CONTACTS UNLESS OTHERWISE NOTED I.IC 

~ i ~ u r e  2 .  U s e r  S u b s y s t e m  F u n c t i o n s  S w i t c h e d  b y  P o w e r  S u b s y s t e m  ( C o n t d )  

2 8  

SOURCE 
AC 1/2 
DC 1/2 

30 Vdc (DC 1) 

30 Vdc (DC2) 

2.4 kHz (AC2) 

2.4 kHz (ACI) 

2.4 kHz (AC2) 

TYPE RELAYS - DUAL (D)/SINGLE (S)' 
CCS COMMAND S/FUNC TIONS 

2FP / 2FS 

D * RECEIVER I 1  - RECEIVER t 2  
2FRP / 2FRS 

2MRP / 2MRS 
2BP / 2BS 

D + S-BAND EXCITER #1 

2MP / 2MS - S-BAND EXCITER '2 
2BRP / 2BRS 

2GRP / 2GRS 2JP / 2JS 
X-BAND EXCITER '1 

2GF / 2GS - X-BAND EXCITER '2 
2 JRP / 2 JRS 

2LP / 2LS Ddc - 10 A X-BAND X-BAND TWT TWT '1 '2 

2LRP / 2LRS 

21:RP / 2KRS 2CP / 2CS 

10 A D S-BAND TWT # l  

10 A 
2KP / 21;s - S-BAND SOLID STATE 

2CR;' / ~ C R S  AMPLIFIER 

3BRP / 3BRS JGP / 3GS 
D TMU-A 

3BP / 3BS - TMU-B 
3GRP / 3GRS 

3HP / 3HS 

D * CDU-A 

CDU-B 
3HRP / ZHRS 

uCRP / 6CRS 6AP 6AS CONVERTER A 
D PRIME PWR SUPPLY 

SUBSYSTEM 

RFS 

oCP / 6CS 

- --  

- 

- - BACKUP PWR SUPPLY 
6ARP /OARS CONVERTER B 

36D RP / 36DRS 
D 

4 1  - ISS-NA PWR SUPPLY 
3 6 D 6 3 6 D  S 

3681 
s 

ISS-WA PWR SUPPLY 

7 

' 

368 

M DS 

F DS 

ISS 



' 
*ALL RELAYS HAVE 2 A CONTACTS UNLESS OTHERWISE NOTED 

. 

$# ~ i ~ u r e  2 .  U s e r  S u b s y s t e m  F u n c t i o n s  Swi tched  by  P o w e r  S u b s y s t e m  ( C o n t ' d )  

2 5  

TYPE RELAYS - DUAL @)/SINGLE (S)' 
CCS COMMANDS/FUNCTIONS 

36CRP / 36CRS 
D 

ISS-NA OPTICS HTR 
36CP / 36Cs 

36FRP / 36FRS 

D/- ISS-NA VID REPL HTR 
36FP / 36FS 

36GR 

ISS-WA VID REPL HTR 
36G 

36JRP / 36JRS 

Dg/- ISS-NA ELEC REPL HTR 
36 JP / 36 JS 

36HR 

ISS-WA ELEC REPL HTR 
36H 

7MMP / 7MMS - HYBlC 1 PROCESSOR - HYBlC 2 PROCESSOR 
7MMRP / 7MMRS 

7HIRP / 7H 1RS 
D /- MAJOR P.S. N O .  1 

7HIP / 7HlS 
7H2RP / 7H2RS 

Dg/c- MAJOR P.S. NO. 2 
7H2P / 7H2S 
7TIRP / 7TIRS 

'/- CST 1 
n r s  / ~ I R S  

7T2RP / 7T2RPS 

D/- CST 2 
7T2S / 7T2RS 
7TSP / 7TSRP 

D/- SUN SHUTTER 
7TSS / 7TSRS 

7GARP / 7 ARS '2- GYRO A 
7GAP / 7GAS 

7GBRP / 7GBRS 

Dd- GYRO B 
7GBP / 7GBS 

7GCRP / 7GCRS 

D/- GYRO C 
7GCP / 7GCS 

SOURCE 
AC 1/2 
DC 1/2 

30 Vdc (DC2) 

2.4 kHz (ACI) 

30 Vdc (DC 1) 

SUBSYSTEM 

ISS (Cont'd) 

I 

- - 

I 

( 1  

1. 

AACS 

4 

t 

- - 

1 1  

c 

1 

1 

- 
.I 

I 1 



5UBSYSTEM W R  REIAYS - D U A L   SINGE (Sp 
oC IR c c s  COMMANDS/FUNCTIONS 

% F i g u r e  2 

30 vdc l K 2 1  

30 Vdr  (DCI) 

AACS 7AHRP ' 7AHRS 
(c."tv) 

o/- 
7AHP / 7AHS 

N l R P  N I R S  

1 I 
Dd- 

7VlP / N I S  

N Z P  / N Z S  

N Z P  / N 2 S  

SUN SENSOR HTR A 

SUN SENSOR HTR B 

A Z  ACTUATOR 
REPL HTR 

I S 0  VALVE I PWR 

I S 0  V A L W  2 PWR 

- PSU A 2 . 1  L3 
- PSU B 

1 
8 0 1  

2.4 kHz ( A U )  '/- P W  INSTM 
8 0  

D/- TCM CAT BED HTR 

l K P  l K S  

- AP BR2 HTR 

- IPU VALVE HTRS 
I OF 

O--- IPU THRUSTER HTRS I /I&< 
CClOTRP ' CCIOTRS I ZA:$Hz 1 ! D-( TCM LINE AND 

CCIOTP ' CClOTS 
BRACKET HTRS 

1 I I+(- DSS REPL HTR 

2.4 kHz jAC2i 

DSS 

I 

30 Vdc oC2) 

3OVdclDC2) 
22BP / 2218 

2 4 kHz lAC2) 

-- -- 
IMRP/ 6ARS 

D - DSS PWR SUPPLY 
I M P / l M S  

2.4 kHz (AC2) 

I I I I 
'ALL REUYS HAVE 2 A CONTACTS UNLESS OTHERWISE NOTED 

CRS 

T 

U s e r  S u b s y s t e m  Func t ions  Switched by P o w e r  S u b s y s t e m  (Contd)  

21AR 
5 - CRS PWR SUPPLY 

21A 

PRA 22AR 
s - PRA PWR SUPPLY 

2ZA 



SOURCE 
SUBSYSTEM 

DC 1/2 

TYPE RELAYS - DUAL @)/SINGLE (S)* 
ccs COMMANDS/FUNCTIONS 

2.4 kHz (AC2) 

30 Vdc (DC2) 

LECP 

30 Vdc (DC2) 

2.4 kHz (AC2) 

30 Vdc (DC2) 

25AR - LECP PWR SUPPLY 
25A 

2.4 kHz (AC2) 

I I I 
*ALL RELAYS HAVE 2 A CONTACTS UNLESS OTHERWISE NOTED 

25BR - LECP STEPPER MTR 
258 

2 X R  - LECP REPL HTR 
25C 

25DR 

LECP M A I N  SUP HTR 
25D 

25ER 

LECP LEPT SUP HTR 
2 5E 

- 
7 

4 

4 

PP S 

- - 

PLS 

.I 

30 Vdc (DC2) 

F i g u r e  2 .  U s e r  S u b s y s t e m  F u n c t i o n s  Swi t ched  by  P o w e r  S u b s y s t e m  ( C o n t d )  

I 

27AR 

PPS PWR SUPPLY 
27A 

27BR 

PPS REPL HTR 
2 78 

32AR 

PLS PWR SUPPLY 
32A 

32BR 

PLS SUPP HTR 
328 

32C R 

PLS REPL HTR 
32C 

uvs 

34BR 

UVS REPL HTR 
34 B 

34AR 

UVS PWR SUPPLY 
34A 



'ALL RE LAYS HAVf 

SUBSYSTEM TYPE RELAYS - DUAL @)/SINGLE (5). 
CCS COMMAND S/FUNCTIONS 

MAG I 35AR - MAG MAIN PWR SUPP pR O.------ MAG STBY PWR SUPP 

MAG IBLFM FWD 

35C FLIPPER PWR 

1 MAG IBLFM REV 

35D FLIPPER PWR 

ty$zT FLIPPER MAG OBLFM PWR REV 

1 1  

MAG IBLFM AND CBL 
SENSOR HTR PWR 

S d 0  MAG OBLFM FWD 

35E FLIPPER PWR 

MlRlS STBY SUPP "A" 

MlRlS 

- 
1 

39BR 
5 O/- MlRlS STBY SUPP "0" 

39AR 
MlRlS PRIMARY 

39A PWR SUPPLY 

- MlRlS FLASH 

1 3PC OFF HTR 

I 35QR 

MlRlS REPL HTR 

1 2 A CONTACTS UNLESS OTHERWISE NOTED 

$ F i g u r e  2 .  U s e r  Subsys tem Funct ions  Switched by P o w e r  Subsys tem (Contd) 



SOURCE 
AC 1/2 
DC 1/2 

30 Vdc (RIG 1) 

PWR (PWR SOURCE LOGIC) 

1 1 4KR 

SUESYSTEM 

25 A S d- RTG I 1  DIODE BYPASS 
@ OR 4K 

30 Vdc (RTG 21 

I 
1 

I 

WR (PNR CONTROL) 
I I 

or - - - - - - - - - 7 

TYPE RELAYS - QUAD (Q)/SINGLE (S) 
CCS COMMANDS/FUNCTIONS 

4LR 
25 A S d- RTG (2 DIODE BYPASS 

@ OR 4L 

30 Vdc (RTG 3) 

I - 

4MR 
25 A S d- RTG '3 DIODE BYPASS 

@ OR4M 

25 A 

RTG 1 ,  2, 3 SHORT 

30 vdc SEE NOTE 3 - M A I N  2.4 kHz I N V  0 

2.4 kHz 
(ACI BUS) 

I @ Sensor Command (ac) 

(DCI BUS) 1 I 

25 A 2.4 kHz AC2 BUS 

I DISCONNECT I 
30 Vdc 
(DCI BUS) 

@ Undervoltage Command (dc) 

@ DIRECT ACCESS 

NOTES: 

30 Vdc DC2 BUS 
DISCONNECT 1 

1 .  MAXIMUM STEADY STATE POWER FOR EACH OF THE USERS 
SUBSYSTEM FUNCTIONS SHALL BE SHOWN IN THE SUBASSEMBLY 
DETAIL TABULATION (TABLE 5). OPERATING TRANSIENT LOADS 
ARE SHOWN IN TABLE 8. 

@ GSE Command (UMBILICAL) 

2. FUSE CONFIGURATION FOR EACH USERS SUBSYSTEM SHALL BE 
DEFINED I N  MJS77-3-260 

3. CONSISTS OF THREE (3) SETS OF QUADS (12 RELAYS). FOUR 25 A, 
FOUR 10 A AND FOUR 2 A 

Q ~ i ~ u r e  2. User  Subsystem Functions Switched by Power  Subsystem (Contd) 

3 3  
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( In se r t  in 618-205, MJS77 Functional  APPROVED: 
Requi rements  Book and 618-206, 
MJS77 Support  Equipment Des  ign Book) 

Sys t em:  
Custodian: F. C. Smith  

L r. s **'L 
F.  Smith  

JET PROPULSION LABORATORY 

NO. MJS77-3-260A 
17 August 1976 
Supersedes  .?- 

MJS77- 3-260 
14 M a r c h  1975 

FUNCTIONAL REQUIREMENT 

MARINER JUPITERISATURN 1977 

ELECTRICAL GROUNDING AND INTERFACING 

Denote changes f r o m  previous i s sue .  

1 . 0  SCOPE 

1 . 1  P u r p o s e  

This  document s t a t e s  the  e l ec t r i c a l  grounding and e l ec t r i c a l  
in terface  functional  r equ i r emen t s  f o r  the  Mar ine r  Jup i te r ISa turn  
1977 (MJS77) spacecra f t ,  including the  Miss ion Module (MM) 
and Propuls ion Module (PM),  in addition to  the Spacecraf t  Adapter ,  
Sys t e m  T e s t  Complex Equipment (STCE),  and Launch Complex 
Equipment (LCE) .  Sys tems  concerns  a r e  a l so  identified, re la t ing 
to grounding and interfacing in bench checkout and faci l i ty  a r e a s .  

Applicability 

a )  The e l ec t r i c a l  in terface  c i r cu i t s  to  which th is  document 
appl ies  a r e  those  c i r cu i t s  l i s ted in MJS77-3-110 and 
MJS77- 3- 1 1 10, Functional  Block D iag rams  and Interface  
L is t ings .  
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b) The requirements of this document a r e  applied in detail to 
specific interface circuits and equipment by circuit  data 
sheets which a r e  identified in J P L  Drawing 10063288, Circuit  
Data Sheet Index and Guide. In the event of conflict, the C i r -  
cuit Data Sheet shall  govern. Inter stage circui ts  a r e  governed 
also by, 6 18-59, Mariner  Jupiter/Saturn 1977, Launch Vehicle 
System Requirements. 

c )  Electromagnetic environments affecting the design of ground- 
ing and interfacing a r e  defined in MJS77-3-240, Environ- 
mental Design Requirements. 

d )  Requirements affecting the physical des ign of interfacing 
equipment and cabling a r e  contained in MJS77-3-220, Elec- 
tronic Equipment Design; MJS77-3 - 180, Configuration; 
MJS77 -4-2009, Cabling; MJS77-3- 1 130, Test  Facili t ies;  
MJS77-4-2109, Support Equipment Cabling; and DM504264, 
Support Equipment Consoles. 

Elec t r ica l  Design Cr i te r ia  a r e  presented in MJS77-3 - 100, Space- 
c raf t  Requirements and Constraints and MJS77-3 - 1100, Support 
Equipment Requirements and Constraints. 

A P P  LIC DOCUMENTS 

The following documents form a par t  of this Functional Requirement -, 

to the extent specified here in :  

NOTE 

M JS77-3- 100, Spacecraft Requirements and Constraints, 
applies to this  document. Requirements of other MJS77 
level 3 documents may a lso  be  applicable. It i s  the 
responsibility of the u s e r  to adequately acquaint himself 
with the organization and pertinent content of the level 3 
documents, a s  well a s  with the mater ia l  contained 
herein.  

REQUIREMENTS 

J e t  Propulsion Laboratory 

MJS77-3-100 Functional Requirement, Mar i r e  r 
JupiterISaturn 1977 Spacecraft 
Requirements and Constraints 

MJS77-3-110 Functional Requirement, Mariner  
Jupiter /Saturn 1977 Functional Block 
Diagram and Interface Listings 

MJS77-3-180 Functional Requirement, Mariner 
Jupiter /Saturn 1977 Flight Equipment, 
Configuration 



MJS77-3-220 Funct ional  Requ i rement ,  M a r i n e r  
Jup i t e r  /Sa tu rn  1977 Fl ight  E lec t ron ic  
Equipment  Design 

MJS77-3-240 Functional  Requirement ,  M a r i n e r  
J u p i t e r  Sa tu rn  197 7 Envi ronmenta l  
Des ign  R e q u i r e m e n t s  

P R O J E C T  DOCUMENTS 

J e t  P ropu l s ion  L a b o r a t o r y  

Funct ional  Requirement ,  M a r i n e r  
J u p i t e r / S a t u r n  1977 Support  Equipment  
R e q u i r e m e n t s  and C o n s t r a i n t s  

Funct ional  Requirement ,  M a r i n e r  
Jupi te  r / S a t u r n  1977 Suppor t  Equipment  
Funct ional  Block D i a g r a m  and I n t e r -  
face Lis t ing s 

Funct ional  Requirement ,  M a r i n e r  
J u p i t e r  /Saturn  1 977 Suppor t  Equipment  
T e s t  F a c i l i t i e s  

Funct ional  Requ i rement ,  M a r i n e r  
J u p i t e r / S a t u r n  1977 Fl ight  Equipment 
Cabling S u b s y s t e m  

Funct ional  Requ i rement ,  M a r i n e r  
Jup i t e r  /Sa tu rn  1977 Suppor t  Equipment 
Cabling 

M a r i n e r  J u ~ i t e r I S a t u r n  1977, Launch 
Vehicle S y s t e m  R e q u i r e m e n t s  

M a r i n e r  J u p i t e r I S a t u r n  1977, 
E l e c t r o s t a t i c  Cont ro l  f o r  A s s e m b l y  
and T e s t  A r e a s  

DESIGN REQUIREMENTS 

J e t  P ropu l s ion  L a b o r a t o r y  

DM504264 Suppor t  Equipment  Consoles  

DM509306 E lec t ron ic  Equipment  and Cabling,  
Design and F a b r i c a t i o n  R e q u i r e m e n t s  
and P r o c e s s i n g  Techniques ,  Vol. I 



SAFETY MANUALS 

Je t  Propulsion Laboratory 

(No number) J P L  Safety Manual 

601 -4  J P L  Flight Project  Safety Guide 

U .  S Air F o r c e  

AFETRM 127-  1 Range Safety Manual 

DRAWINGS 

Je t  Propulsion Laboratory 

10063288 Circuit  Data Sheet Index and Guide 

3 .  0 ELECTRICAL GROUNDING AND INTERFACING 

3 . 1  + Flight Equipment General 

a )  The content of this section applies to the design of flight equip- - 
ment. P a r t s  of this section applying also in whole o r  in par t  
to support equipment a r e  identified (+). 

b) Requirements applying to Support Equipment (SE ) only 
a r e  presented in Section 4.0. 

c )  These requirements  apply direct ly  to  interfaces and grounding 
design and, when applicable, to internal equipment design. 

d) With respec t  to grounding and interfacing, equipment adopted 
f rom the Viking Orbi ter  project is acceptable provided that 
the equipment charac ter i s t ics  a r e  compatible with the require-  
ments  of this  document. 

e )  Modified requirements  m a y  be negotiated with the Spacecraft 
System Engineer. 

f )  T e r m s  with special  meanings for  the purposes of this docu- 
ment  a r e  defined where used, o r  in paragraph 5. 3 .  

Elec t r ica l  Grounding 

The objective of e lectr ical  grounding i s  to produce an equipotential 
spacecraft  surface,  by the reduction of potentials induced f rom the 
ambient plasma, and cur rents  flowing in the s t ructure.  P rope r  
spacecraf t  e lectr ical  grounding requires  attention to s t ruc tura l  
grounding and circui t  grounding. 



3 .  2 .  1 S t ruc tu r a l  Grounding 

The spacec ra f t  physical  s t r uc tu r e  provides  s e v e r a l  e l ec t r i c a l  
funct ions ,  including the  following: 

a )  Uniform dis t r ibut ion of e l ec t r i c a l  c h a r g e s .  

b )  Grounding of e lect ronic  s . 

c )  Limiting of the  differ.entia1 charging of components 
and s u r f a c e s .  

d )  Attenuation of rad ia ted  EM1 entering o r  leaving shielded 
compar tmen t s .  

To support  t he se  functions,  the  m a t e r i a l s  and construct ion methods 
f o r  s e a c e c r a f t  ex te rna l  a s sembl i e s ,  bay a s sembl i e s ,  subas sem-  
bl ies ,  c h a s s i s ,  subchass i s  and o ther  components sha l l  be such  that  
e l ec t r i c a l  p roper t i es  of the spacecra f t  s t r uc tu r e  a r e  maintained 
throughout the s e r v i c e  life of the  spacec ra f t .  

* 3 .  2 .  1 .  1 Bonding. To  provide e l ec t r i c a l  continuity throughout the s t ruc tu r e ,  
e lec t ron ic  f r a m e s  and o ther  conductive p a r t s ,  adequate bonding 
( e l ec t r i c a l  conductivity) sha l l  be provided a c r o s s  contiguous 
a s s e m b l i e s ,  ' s ubas sembl i e s ,  subchass i s ,  blanket l aye r s ,  and other  
mounted components .  Bonding requ i rements  apply to  r ig id  and 
ar t icula t ing mounting joints fo r  a l l  components with conductive 
s u r f a c e s .  To min imize  mechanical  r equ i r emen t s ,  high conduc - 
t ivi ty bonds (E ) ,  medium conductivity bonds (M),  low conductivity 
bonds (L ) ,  and w i r e  bonds ( W ) ,  a r e  recognized,  a s  defined in 
pa rag raph  5 .  3 .  All MM exte rna l  conductive su r f ace s  sha l l  a t  a 
min imum be bonded to  the (L) requ i rement  and in no instance sha l l  
m o r e  than 1 0 .  0 V ex i s t  during flight between any two external ,  
conductive s u r f a c e s .  Examples  of specific bonding r equ i r emen t s  
a r e :  

Bond 

Internal  Joints  in the Bus Upper and 
Lower Rings 

Bus Upper and Lower Rings to Bay 
Elect ronic  Assembly  

Internal  Joints  in the Bus Cable 
Support  S t ruc tu r e  

Bay Shearp la te  to  Bay Subchass is  E 



Joint  Bond 

Bus o r  P l a t fo rm to Exte rna l  or  
P l a t fo rm Electronic  ~ t e m *  

Bus o r  P la t fo rm to  Exte rna l  or  
P l a t fo rm Non- Electronic I t em 

Bus o r  P la t fo rm to T h e r m a l  Blanket 
Metallic Layers  

L 

Articulating o r  Other Special  Joint 
Between Elect ronic  I tems 

Note: The re  i s  no s y s t e m  requ i rement  fo r  bonding of 
sma l l ,  difficult-to-ground e lect ronic  e lements  
such a s  toroidal  t r a n s f o r m e r  c o r e s  and unused 
re lay  con tac t s .  

3 .  2 .  1 . 2  + Grounding for  Tes t  and Operat ions .  During s y s t e m  tes t ,  the  bus 
s t ruc tu r e  shal l  be connected to the s y s t e m  t e s t  complex e l ec t r i c a l  
ground point. This  point shal l  be the common ground point fo r  
the spacecra f t  and support  equipment and sha l l  be connected by a s  
sho r t  a path a s  p rac t ica l  to the facil i ty ins t rumentat ion ground 
sys t em.  During f r ee -mode  t e s t s ,  ground paths f r o m  bus s t r u c t u r e  
to ex te rna l  points shal l  be p r e sen t .  

3 .  2 .  1 .  3 + Static Grounding. An e l ec t r i c a l  grounding lug sha l l  be provided 
on the  spacecra f t  basic s t ruc tu r e .  The purpose of the  grounding 
lug i s  to facil i tate safe  and re l i ab le  e l ec t r i c a l  connection t o  a 
ground sys t em.  The spacecra f t  bas ic  s t ruc tu r e  grounding lug sha l l  
be in proximity to the rad io  f requency subsys t em t r a n s m i t t e r s  
e lect ronic  c h a s s i s .  

3 .  2 .  2 + Circu i t  Grounding 

All c i r cu i t ry  interconnecting semiconductors ,  capac i to rs ,  t r a n s -  
f o r m e r s ,  and other  e lect ronic  components shal l  be provided with 
an e lec t r i ca l  path to s t r u c t u r e .  The single point grounding method 
will be used for  a l l  c i r cu i t ry  except f a s t  s ignal  c i rcu i t s  (defined in 
paragraph  5 .  3 )  for which grounding t r ea tmen t  wil l  be specified in 
the  Circui t  Data Sheets (CDS). The single point ground method 
provides but one ground path to bus s t ruc tu r e  f r o m  any c i r cu i t  o r  
group of c i rcu i t s ,  with the r e su l t  that  c i rcu i t  c u r r e n t s  do not flow 
in any chas s i s  or  s t r u c t u r e .  It mus t  be understood that  this  
objective i s  real ized only for dc .  F o r  a c  s ignals ,  multiple paths 
will occur  through the s t r a y  capaci ty  p resen t  between c i rcu i t  
components and s t ruc tu r e .  

.*I ,I* 

Except f o r  insulated chass i s  a s  identified on F igu re  2 .  

6 



The  f i r s t  purpose  of grounding i s  to mainta in  an equipotential  ground 
plane avai lable  t o  a l l  c i r c u i t s .  Except  f o r  the ground path, c i r cu i t  
e l emen t s  should be e lec t r i ca l ly  isolated f r o m  c h a s s i s  such  that  
c i r cu i t  c u r r e n t s  flowing in s t r u c t u r e  a r e  two o r  m o r e  o r d e r s  of 
magnitude l e s s  than in the c i r cu i t  r e t u r n  w i r e .  The second purpose  
of grounding i s  t o  e n s u r e  that  no significant  voltage ex i s t s  between 
c i r cu i t  r e t u r n  and s t r u c t u r e  (or  unrela ted c i r cu i t r y ) .  The m in imum 
requ i r ed  ground path  conductivity (maximum res i s t iv i ty )  t he r e fo r e  
r anges  f r o m  mi l l iohms  fo r  low level  e lec t ronic  c i r cu i t s ,  to  k i lohms,  
f o r  c i r cu i t  with fault- l imit ing r e s i s t a n c e ,  t o  megohms ,  f o r  c i r cu i t s  
only requ i r ing  e lec t ros ta t i c  d i s cha rge  pa ths .  Specific grounding 
r equ i r emen t s  a r e  contained in the following subparagraphs  and in 
p a r a g r a p h  3. 3 . 8  and subparagraphs .  

It should be noted that  the s ingle  point grounding method r e q u i r e s  
tha t  t h e r e  be no m o r e  than one path f r o m  any c i r cu i t  o r  g roups  of 
c i r c u i t s  to  s t r u c t u r e  but does  not r equ i r e  the  u s e  of only one ground 
t r e e .  See  pa r ag raph  3 .  2 . 2 . 2 .  

3 .  2 .  2 .  1 t C h a s s i s  - Ci rcu i t r y  Isolat ion.  Except  fo r  R F  s t age s ,  packaging 
techniques  will be used a s  i l lus t ra ted  on F igu re  1 which e lec t r i ca l lv  - 
i so la te  a l l  c i r c u i t r y  f r o m  c h a s s i s  ground.  See  a l so ,  MJS77- 3-220. 

F o r  e a c h  subsys t em o r  a s s emb ly ,  isolat ion between c i r c u i t  
common and c h a s s i s  sha l l  be  not l e s s  than 1 .  0 MSZ and not m o r e  
than 0 .  01 p F ,  including the  subsys t em wiring h a r n e s s  d i s t r ibu ted  
capac i ty ,  however ,  c i r cu i t  commons  normal ly  re fe renced  in ternal ly  
to  c h a s s i s  within the subsys t em o r  a s s e m b l y  a r e  not subject  to  th i s  
r equ i r emen t .  F o r  c i r cu i t  commons  not in ternal ly  re fe renced  t o  
c h a s s i s ,  lumped capaci tance  sha l l  not be inse r ted  between c i r cu i t  
common  and c h a s s i s .  Minimum capaci tance  f r o m  c i r cu i t  common 
t o  c h a s s i s  i s  a  goal .  More  s t r ingen t  dc  insulat ion r equ i r emen t s  
m a y  be speci f ied  t o  e n s u r e  quali ty of insulat ion.  

WIRING I 
INSULATING CIRCUIT BOARD 

METAL CHASSIS 

F i g u r e  1 .  Chas s i s  - Ci rcu i t r y  Isolation 



++ 3 .  2 .  2 .  2 C i rcu i t  Reference T r e e .  The c i r cu i t  r e f e r ence  t r e e s  (ground 
t r e e s )  provide grounding fo r  c i r cu i t  commons within the subsys tems  
and fo r  in terface  c i r cu i t  r e t u rn s ,  t o  m e e t  the purposes  and c r i t e r i a  
exp re s sed  in pa ragraphs  3 .  2 .  2 and 3 .  3 . 8 .  3 .  The spacecra f t  
c i r cu i t  r e f e r ence  t r e e s  a r e :  

Name Identity No. 

RFS  (TWTA) 2 . 1  

RFS  (Transponders )  2 . 2  

DC PWR 4 . 1  

AC PWR 4 . 2  

CCS 5 

FDS 6 

AACS 

PYRO 8 

PRA 22 

PWS 23 

The c i r cu i t  r e f e r ence  t r e e s  a r e  a s  shown on F igu re  2. F o r  
s  implici ty,  in ter face  c i r cu i t  r e t u r n s  have been omit ted .  

.3f. 3 . 2 .  2 .  3  Chas s i s  Reference T r e e .  The c h a s s i s  of e lec t ron ic  bay subas sem-  
bl ies ,  e l e c t r i c a l  a c tua to r s ,  and o ther  powered e lect ronic  packages  
with plug-in e l e c t r i c a l  connec tors  sha l l  be connected to  s t r u c t u r e  
by means  of cha s s i s  r e f e r ence  t r e e s .  The wiring of the c h a s s i s  
r e f e r e n c e  t r e e  sha l l  be c a r r i e d  whe re  p r ac t i c a l  in the quiet  bundle, 
a s  s ta ted  in pa r ag raph  3.  3 .  11,  and sha l l  be independent of o ther  
e l e c t r i c a l  bonding. The s t r u c t u r e  of the  MM, PM, and Spacecra f t  
Adapter  sha l l  be in terconnected by c h a s s i s  r e f e r e n c e  t r e e  wiring 
o r  by cab le  shielding t e rmina ted  in two o r  m o r e  of the  s t age s .  

3 . 3  f Elec t r i c a l  Interfacing 

To achieve economical  an6 proven in terface  des ign,  emphas i s  
sha l l  be given to  the  s tandardizat ion of e l e c t r i c a l  in ter face  c i r cu i t s .  
C i rcu i t s  with identical  functional  r equ i r emen t s  sha l l  be  of identical  
des ign .  Also,  to the  extent  p rac t i ca l ,  in te r faces  sha l l  be l imi ted 
to  the s tandard  c i r cu i t  types  identified in Table  1:'. The r e q u i r e -  
men t s  applying t o  each  c i r cu i t  a r e  s ta ted  in Table  1 in the  columns 

-1. 

'"See Table  1 on page 35/36 



n ASSEMBLY CHASSIS 
(BAY, CST, ETC) 
INSULATED FROM STRUCTURE 

-r CIRCUIT COMMON PART OF CHASSIS 
REFERENCE TREE 

/$7 STRUCTURE 

1 2.4kHzPWRA 2 2.4 kHz PWR B 

/j\ 30 VDC BUS 
A TYPICAL, 4 SENSORS 

% Figure 2 .  C i rcu i t  Reference T r e e s  



headed, End-ci rcui t  Type, Cable Type,  Signal C l a s s ,  Signal 
Amplitude, Conducted Noise Emiss ion ,  Conducted Noise Suscepti-  
bility, Overload and Fau l t  Protect ion,  End Circui t  Grounding and 
Isolation, Wire Group, Wire  Shield and Wire Bundle. Additional 
requ i rements  and information a r e  s ta ted under like headings in th is  
Section.  Unless otherwise  noted, requ i rements  apply to equipment 
functioning in the s y s t e m  configuration.  

Since these  in terface  c i rcu i t  r equ i rements  a r e  not comprehensive,  
in terface  c i rcu i t  design sha l l  be  evaluated by the des igner  with 
r e spec t  to type of construction,  compactness ,  m a s s ,  t empe ra tu r e  
range,  vibration, packaging, signal  amplitude, signal  delay,  t r ans i -  
t ion t ime,  output impedance,  input impedance,  power consumption, 
power voltage, number  of requ i red  pr incipal  and anc i l l a ry  par t s ,  
spur ious  output, radia ted EMI, susceptibil i ty to conducted and 
radia ted EM1 and t rans ien t  in terference,  susceptibil i ty to par t i c les  
and fields,  p r i m a r y  fa i lu re  mode,  isolat ion,  intended a r e a  of 
application and any re la ted  fac tors .  

In selecting a s tandard  c i rcu i t  f o r  a par t i cu la r  in terface  function, 
f i r s t  consult  the Cable  Type and Signal Class  information in Table 1, 
identifying possibly suitable c i rcui t  types. Then, to de te rmine  the 
m o s t  suitable c i rcui t ,  compare  the  given end-ci rcui t  types,  s ignal  
amplitude,  isolat ion and o the r  c i r cu i t  cha rac t e r i s t i c s  with the  
requ i rements  of the equipment to be interfaced.  - 
Where t h e r e  i s  not a s tandard  c i r cu i t  type for  a signal  with specia l  
cha rac t e r i s t i c s ,  a full  descr ipt ion and analysis  of proposed specia l  
c i r cu i t ry  shal l  be submitted by the  des igner  fo r  approval  by the 
Spacecra f t  Sys t em Engineer .  

End-Circui t  Type 

The sending and receiving end-ci rcui ts  a r e  identified in Table 1 by 
end-ci rcui t  numbers .  In paragraph  5 .2 ,  these  numbers  a r e  c o r r e -  
lated with manufac ture rs  ' specifications and o ther  information. 

Cable Type 

End-ci rcui t  noise immunity and other  cha rac t e r i s t i c s  mus t  be 
compatible with cabling noise levels  and line p a r a m e t e r s ,  t he r e -  
f o r e ,  end-ci rcui t  types assoc ia ted  in Table 1 with par t i cu la r  cable  
types sha l l  only be used with those cable  types .  Flight ,  In ter-  
Stage, Di rec t  Access  and Umbilical  cable types have been defined. 

Signal Class  

The c l a s s  of s ignal  which may  be c a r r i e d  by the c i rcu i t  type is  
designated in Table 1 .  



3. 3 .4  Signal Amplitude 

The signal amplitudes a r e  specified i n  Table 1 a s  nominal, peak-to- 
peak voltages. No new, non- standard signal c i rcui ts  shall  be  imple- 
mented with a nominal signal amplitude of grea ter  than 16 V and, 
fo r  quiet circuits,  g rea te r  than 10 V. Signal charac ter i s t ics  a t  the 
receiving sub system input te rminals  ,may differ f rom the nominal 
to  the extent specified in  paragraphs 3. 3. 5 and 3. 3. 6. 

Distributed power amplitudes given in Table 1 for information a r e  
derived f rom specifications in MJS77-3-100, Spacecraft  Require- 
ments  and Constraints.  

3. 3. 5 Conducted Noise Emission 

F o r  digital circuits (bi-level and coded command circuits of Table l ) ,  
as  specified in MJS77- 3-240, shor t  t e r m  signal amplitude devia- 
tions (due to distortion and interference originating within the send- 
ing subsystem) shall  be not more  than *5 percent of the expected 
signal peak-to-peak amplitude and within the l imits  shown in the 
Circuit  Data Sheets. The maximum permissible  amplitude devia- 
tion f rom any cause (shor t  t e r m  and other  effects originating within 
the sending subsystem) shall  be a s  shown by the circui t  data sheet  
waveform envelope and, unless otherwise shown thereon, shal l  be 
not more  than *10 percent  of the expected signal peak-to-peak 
amplitude. If the circuit  normally functions a t  cer tain t imes  in a 
weak-signal mode, to that extent, the conducted noise emission 
requirement does not apply. 

No signal f rom relay o r  switch contacts shal l  exhibit more  than 
1. 5 m s  of contact bounce. Relay, solenoid and s tepper  motor  coils 
shall be equipped with diodes o r  other t ransient  suppression 
devices. The a rma tu re  response t ime shall  not be adversely 
lengthened in consequence of t ransient  suppression. 

3 .  3 .  6 Conducted Nois e Susceptibility 

All interface signal c i rcui ts  shall  be designed to per form acceptably 
in the presence of sys tem and subsystem electr ical  noise and inter-  
ference. F o r  bi-level circuits,  conducted emission f rom the send- 
ing subsystem may modify the signal within the constraint of 
paragraph 3. 3. 5. Also, e lectr ical  noise o r  interference within the 
receiving subsystem may fur ther  modify the signal. Finally, elec- 
t r ica l  noise may be introduced on the sys t em interconnecting wiring. 
The t e s t  levels for  sys t em wiring noise a r e  given below. Imm.unity 
to sys tem wiring noise g rea te r  than given may be necessary,  
depending on acceptable e r r o r  rates ,  degradation due to radiation, 
coupling due to shared circui t  re turns,  etc. 



Quiet Bundle Noisy Bundle 
(V peak) (V peak) 

Cross  -Couplinq 

Untwisted Group 

Twisted Group 

Shielded Group 

Common-Mode 

Signal Ground 

Overload and Fault  Protection 

Overload and fault protection requirements for ac power circuits,  
dc power circuits,  signal circuits,  command circuits,  analog 
te lemetry circuits,  interstage circui ts ,  d i rec t  access  circuits and 
umbilical c i rcui ts  a r e  a s  follows. 

3. 3.  7. 1 Power Circuit. Except for that equipment adopted f rom the Viking 
Orbi ter  project which i s  not s o  equipped, a l l  equipment using space-  
craf t  distributed a c  o r  dc power shall  protect the power source by - 
means of overload devices placed within the using subsystem. 
Fuses  shall  be the means of providing overload protection. 
Overload protection other  than fuses shall  be used only with the 
approval of the Spacecraft System Engineer. Fusing shall  be in 
accordance with the following: 

a )  Two fuses ,  one of which is  diode-isolated, shall  be used, 
a s  shown in Figure 3.  

b) To permit  fuse integrity tes t s  a t  the sys tem level, each fuse 
shall  have power routed to i t  through separate  connector pins, 
as shown in Figure 3.  

c )  Fuse  mounting shal l  provide for  visual inspection and ease  of 
replacement.  

d) Subsystems shall  function normally over the specified range 
of a c  o r  dc power source  voltage with either fuse failed-open. 

3. 3.  7. 1. 1 Signal and Power Circuits.  As indicated in Figure 2, distributed 
power circuits shal l  be grounded a t  the power source.  In the event 
of a t ransient  o r  continuing shor t  f rom a power line to chassis  o r  
s t ructure,  par t  o r  all  of the power voltage will appear within the 
associated ground sys tem due to the voltage drop ac ross  the protec- 
tive grounding res i s tors .  Signal and power circui ts  on which this 
common-mode voltage would be impressed  shall  be capable of con- 
tinued operation. 

:::AS specified in MJS77-3-240. Occasional pulses may exceed this value. 



3. 3 . 7 .  2 Command Circuit. F o r  CCS commands, the absolute maximum 
command signal cur rent  and voltage shal l  be  a s  follows : 

Discrete  Command Coded Command 

Open Switch Vdc 35 
Closed Switch mA 1601400 

These  maximum ratings do not re lax  other signal amplitude require-  
ments.  F o r  CCS, FDS and AACS redundant commands, the interface 

1 

capability to  send and receive all commands to  a subsystem shall  be  
maintained in the event that one command switch remains closed fol- 
lowing command i s  suance, instead of normally r e -  opening. 

3. 3. 7. 3 Analog Telemetry Circuit .  Analog te lemetry signals to  the FDS 
shal l  be l imited to  absolute maximum voltages of t7. - 1. No - 
single fai lure  in the output end-circuit  shall  allow the signal voltage 
t o  exceed this range. The output end-circuit  source impedance 
shal l  be 3 * 2 kR, except that the source  impedance may be a s  high 
a s  10 kR if the resultant inaccuracy i s  acceptable. No adverse  
effect upon the sending subsystem performance o r  on the remaining 
te lemetry  signals f r o m  the subsystem shall  occur,  a s  a resu l t  of: 

a )  A fai lure  in the sending end-circuit. 

b) A fai lure  in the receiving end-circuit  which places a potential 
in the range, -3  to t 1 0  V, through 1 kS2, between the signal 
line and FDS circui t  common. 

Low-pass f i l ters  o r  other  c ircui t  elements shall  not be wired in  
with tempera ture  sensors .  

3. 3. 7. 4 Inter-Stage Circuit. Damage to in-flight separation connectors 
during s tage separation such that the exposed pins of a separated 
connector a r e  shorted together o r  to chassis  in any combination 
shall  not reduce the functional capability of any equipment s t i l l  
having a mission function. 

SYSTEM AI 
CONNECTOR 

- vI 
n 
fi I 

1 - 1  
4 1 

h* 4 1 
I I 

L J 

*FOR DC POWER, O N L Y  ONE DIODE I S  USED 

Figure 3. Fuse  Connection 



3.  3 .  7. 5 + Direct Access and Umbilical Circuit. As a goal, damage to d i rec t  
access  o r  umbilical circuits,  such that conductors in a cable o r  
connector a r e  shorted together o r  to chassis  in any combination , 
shall not induce damage in flight o r  SE circui t ry.  

Direct  Access and Umbilical c i rcui ts  shal l  be designed to impose no 
adverse loading on flight c i rcu i t ry  during any t e s t  operation. In the 
prevention of loading, p r imary  emphasis shal l  be given to support 
equipment end-circuit design. If i t  i s  not feasible to eliminate 
loading through support equipment design, supplemental means,  
such a s  s e r i e s  res i s tors ,  shall  be employed in the design of the 
flight equipment end-circuits. 

3.  3 .  7. 6 Pyrotechnic Fir ing Circuits.  Pyrotechnic firing circui ts  shall  
meet the intent of AFETRM 127-1, Range Safety Manual. 

3 .  3 .  8 + End-Circuit Grounding and Isolation 

To implement the single point grounding concept of no ground loops 
and no floating circui t ry,  the basic  interface circui t  i s  provided with 
one referenced end-circuit and one isolated end-ci rcuit, as  explained 
below. Specific requirements  a r e  contained in Table 1. 

3. 3 .  8. 1 + Referenced End-Circuit. An end-circuit i s  referenced by connect- 
ing the re turn  terminal  to the circuit  common of the subsystem - 
(assembly) containing the end-circuit. The circui t  common i s  con- 
nected to s t ruc ture  through a circuit  reference t ree ,  a s  specified in 
paragraph 3.  2. 2. 2. 

3.  3 .  8. 2 t Isolated End-Circuit. The re turn  terminal of an isolated end-circuit 
is not connected to the circuit  common of its subsystem but i s  con- 
nected instead through the circui t  re turn  conductor to the re turn  
terminal  of the other end-circuit, and therefore to the circuit  com- 
mon of the other subsystem, a s  shown in Figure 4A. 

F o r  flight equipment, the isolated end- circuit  shall  present not l e s s  
than 1. 0 MR resis tance and, for  signal circuits,  not more  than 
400 p F  of capacity, exclusive of cabling, measured f rom each input 
terminal  to circui t  common. The minimum net isolation required 
of two o r  more  end-circuits sharing a circuit  re turn shall  be the 
above resistance divided by the number of sharing end-circuits and 
the above capacitance multiplied by the number of sharing end- 
circuit  s .  Equipment shall maintain end-circuit  isolation with power 
on and power off. 

The requirement for  not m o r e  than 400 p F  of capacitance i s  relaxed 
to 0. 01 p F  p e r  circuit  for  analog te lemetry signal isolated end- 
circuits that require  R F  filtering capacitors connected between the 
end-circuit terminals and chassis .  However, s ee  the requirement 
for temperature sensors  in paragraph 3 .  3 . 7 .  3.  



- - - -  ----- 
SUBSYSTEM 1 SUBSYSTEM 2 

WIRING loCl 1 

r - - - -  r ----- 
- - -  

1 - - -  
I REFERENCED I REFERENCED 1 

END-CIRCUIT END-CIRCUIT I 
1 

t 1 
1 - 1  

I OUT 

L - - - -J~'  CIRCUIT REFERENCE L ' - - - _ - - l  
I 

TREE AND 
CIRCUIT 
RETURN 

----- 
48. ALTERNATE CIRCUIT GROUNDING (EQUIPMENT O N  SAME GROUND TREE, BOTH 

END-CIRCUITS REFERENCED) - - -  ----- 
_I 

SUBSYSTEM 1 SUBSYSTEM 2 
7 - - - - -  7 1 

I 
I I I----- SUBSYSTEM 3 

l r - - -  
POWER 

I 
I 

L A  

I 
I 

Figure  4. End-Circuit  Grounding and Isolation (Examples)  



F o r  support equipment, the isolated end-circuit shall  present  not 
l e s s  than 1. 0 M a  resis tance and not more  than 400 pF capacitance, 
measured f rom each end-circuit terminal  to circuit  common 
(chassis) .  The measurement  i s  made at the rack connector with 
the sys tem cabling disconnected and thus includes only the capaci- 
tance of the end-circuit  and the rack inter ior  cabling. The minimum 
net isolation required of two o r  more  support equipment end-circuits 
sharing a circuit  re turn shall be the above resis tance divided by the 
number of sharing end-circuits and the above capacitance multiplied 
by the number of sharing end-circuits.  

3. 3. 8. 3 + End Circuit  Grounding and Isolation Cri ter ia .  In each interface 
circuit, the option exis ts  of referencing either end- circuit. The 
determination shall  be based on maintenance of interface simplicity, 
uniformity and reliability. The isolation and referencing estab- 
lished by Table 1 were derived partly to achieve uniform practice 
for  a signal c l a s s  o r  within a subsystem, and partly f r o m  inherent 
end-circuit character is t ics .  F o r  some circuits,  a s  shown in Fig- 
u r e  4B, the necessi ty  for an isolated end-circuit may  be  avoided. 
Referencing both end-circuits in this way i s  only permissible  if, in 
laying out the circuit  reference tree,  circuit  commons have been 
connected together a s  shown and the requirements  of paragraph 
3. 3. 8 . 3 .  1 have been met .  F o r  isolated end-circuits o r  isolated 
power supplies that a r e  associated with fast  signals, minimum 
capacitance f rom circui t ry to  chass is  i s  a goal. 

A m o r e  complex grounding scheme may  be used where i t  i s  safe and 
advantageous to do so. One such scheme is i l lustrated in Figure 4C. 

Note that no ground loop exis ts  in any of the circui ts  illustrated, 
reflecting the general  requirement for no ground loops. 

3. 3. 8. 3. 1+ Shared Circuit Return. Several  c i rcui ts  may  share a common 
re tu rn  only where end-circuit referencing and isolation a r e  i n  
accord with the principles just defined and no adve,rse coupling will 
be introduced. 

3.  3. 8 . 3 . 2  CCS End-Circuit Isolation. To minimize the possibility of computer ' 
command subsystem (CCS) s tate  changes due to  electr ical  transients,  
a l l  CCS end-circuits shall  be  isolated. This requirement does not 
apply to the flight CCS end-circuits for  the d i rec t  access  interface.  

3. 3. 8. 3. 3 DC Power User  End-Circuit Isolation. Each subsystem receiving 
power f rom the dc regulated bus shall  have i t s  power circuit  
Eeturn isolated f r o m  circui t  common and s tructure.  

3. 3. 8. 3. 4 AC Power User  End-Circuit Isolation. AC power shall  be d is t r i -  
buted only to isolated loads consisting of t ransformers  o r  (hea ter )  
res i s tors .  



3. 3.8. 3. 5 Analog Telemetry User  End-Circuit  Isolation. F o r  analog te lem-  
etry circui ts ,  the sending end-circuit  shall be isolated. This 
requirement  does not apply to an end- circui t  in a subsystem having 
the  circui t  common referenced to  the FDS circui t  common. 

3 .  3 .  8. 3 .  6 Coaxial Cable End-Circuit Isolation. See paragraph 3. 3. 10. 4. 

3.  3. 8. 3. 7 + Direct Access  and Umbilical End-Circuit Isolation. End- circui t  
isolation f r o m  circui t  common shall  be provided for  a l l  d i rec t  
access  and umbilical circuits.  Except for  c ircui ts  using tempera-  
tu re  t ransducers  o r  re lay  coils as  isolated flight end- circuits,  this 
isolation shall  be in the support equipment. The coaxial circuits 
shall  provide isolation by means of dc blocks, located in the sup- 
port equipment cabling, external to the equipment. 

3.  3.8. 3. 8 Isolation Limited f o r  Static Discharge. To dissipate static e lec t r i -  
c a l  charge,  the overal l  isolation of an  interface c i rcu i t  shal l  not 
exceed 1168 ohms, including that par t  of a c ircui t  which loses  ground 
reference due to switching, uncoupling of a t e s t  connector, o r  stage 
separation. If necessary,  a static discharge path of not l e s s  than 
2.0 MS1 and preferably not l e s s  than 5 . 0  MS1 shall  be provided f rom 
the circuit ,  to  chass is  o r  ground t r e e .  Some short  paths a r e  exempt, 
see paragraph 3.2.1.1.  

3. 3. 9 + Wire Group 

The basic  wire  group consists of two wi res  pe r  c ircui t ,  o r  a single 
wire  for  each of severa l  circuits sharing one circui t  re turn  wire .  
Multiple wires  may  be used where necessary  to reduce voltage-drop. 
Redundant wires  to increase  reliability shall only be provided to 
m e e t  project  requirements ,  a s  s ta ted in Circui t  Data Sheets. 

F o r  each circuit ,  the wires  shall  be routed to minimize the a r e a  
enclosed by the wires;  out and re turn  wiring shall be provided in 
each cable section. As specified in Table 1, twisted pa i r s ,  t r iples  
o r  quadruples shall  be used for  indicated circui t  types. Wiring shall  
be selected and routed to minimize electromagnetic field generation 
and pick-up. 

3.3.10 Wire-Shield 

Standard wire-shield grounding practice is  specified in Table 1 by 
reference to  Figure 5 .  The number of intermediate connectors may 
vary f rom that shown in the figure. Except in off-ground subsys - 
terns, standard pract ice i s  to  ground the shield by connecting 
the end of the shield through a shor t  reference coAductor to  the 
connector pin o r  socket, then f rom the other  side of the connector 
through another conductor to subchas s is .  These conductors shall  
be insulated, and be no longer than 6 in. and 3 in. , respectively. At 
intermediate connectors,  reference conductors a r e  connected a s  i n  
Figure 5. 
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3. 3 .  10. 1 + Non-Standard Wire-Shield. To effect savings in weight, reduce 
complexity o r  improve shielding effectiveness, departure  f r o m  
standard shielding pract ice is  permissible.  Justification shall  be 
based on signal transit ion t ime, signal frequency, duty cycle, 
acceptable e r r o r  r a t e  of receptor  circuit ,  sensitivity to shunt line 
capacity, the possibility of ringing in  l ines,  and whether source  o r  
receptor  circuits a r e  in the minority, o r  one subsystem i s  espe-  
cially sensitive to electr ical  interference, o r  one o r  m o r e  circuit  
commons a r e  off-ground, o r  one o r  both end-circuits a r e  
referenced, etc. 

3. 3 .  10.2 Inter-Stage Wire-Shield. Inter- stage wire-shield grounding shall  
be  designed with consideration for c ircui t  c r o s s  -coupling and com- 
mon mode noise control, R F  b a r r i e r s  a t  stage interfaces,  isolation 
of flight c i rcu i t ry  and chass is  f r o m  support equipment and other 
systems,  maintenance of shield grounds following stage separation, 
availability of connector contacts, and for standard and non- standard 
shield practice.  

3.  3.  10. 3 + Direct  Access  and Umbilical Wire-Shield. To maintain the R F  
b a r r i e r  a t  the spacecraft ,  a l l  umbilical and d i rec t  access  circui t  
shields shall  beAgrounded to chass is  at the spacecraf t  and isolated 
f rom support equipment chass is  and circui t  common. I 

3.  3.  10.4  Coaxial Cable Shield. Circuits shall  employ coaxial cable and 
coaxial cable connectors only as  necessa ry  to control standing 
waves and signal leakage. F o r  coaxial c i rcui ts  interconnecting 
flight equipment referenced to different ground t r ees ,  high pas s 
filtering (dc blocking) shal l  be provided in the center  conductor and 
shield a s  necessary  to prevent the formation of a ground loop. 

3.  3.  11 + Wire Bundle 
I 

1 

The basic  wire  bundle consists of a l l  the wires  of a cable o r  
harness  that route along a single path. However, in the ring 
harness ,  in umbilical cabling, and in other  ha rnesses  where p rac -  I 

tical, separa te  bundles a r e  provided fo r  incompatible circui t  cate-  
gories .  Except for different assignments in Circuit  Data Sheets, 
bundling shal l  be a s  follows: 

I 
I 



Maximum Signal Amplitude 
Category Code Vp-p (Nominal) 

Quiet Q 10 (30 V, umbilical) 

Noisy (and dc power) N 30 (100 V, umbilical) 

Power (ac)  P 100 

Pyrotechnic Squib P Y  - 

Radio Frequency R F  - 

In Table 1, circuits a r e  assigned to bundles a s  indicated by the 
codes. Reference t r e e s  a r e  also ca r r i ed  where practical in the 
Quiet bundle. 

The minimum electr ical  isolation between any two circuits routed 
through different bundles is constrained as  follows. In the table 
below, source-receptor  circuit  pa i rs  a r e  defined for  each coupling 
mode of concern, e. g . ,  power bundle to noisy bundle, etc. To 
demonstrate acceptable inter-bundle cable isolation, a test  voltage 
( o r  current)  a s  indicated, applied to a source circuit, would pro-  
duce a voltage ( o r  current)  in the receptor circuit  no grea ter  than 
indicated. The circuit  pa i rs  shown a r e  those with the least  inter-  
bundle isolation and hence the pick-up voltage o r  current  in the 
table i s  for the worst case. F o r  the receptor circuit, simulated 
end-circuit loads shall  be used, a s  shown. 

SC Single Conductor 
T P  Twisted P a i r  

3. 3.  11. 1 Wire Bundle Shield. External and platform wire bundles may be 
partly o r  completely enclosed in thermal  blanketing. This blanket- 

Coupling 
Path 

P - N  

P - - Q  

N - Q  

ing shall  be bonded,- a s  required in paragraph 3 .  2.1. 1. 
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4. 0 SUPPORT EQUIPMENT ELECTRICAL GROUNDING AND 
INTERFACING 

4. 1 General 

The content of this Section applies to support equipment only. 
However, the section s t ruc ture  para l le l s  that of Section 3.0. P a r a -  
graphs in this section a r e  to be read  in  conjunction with applicable 
mater ia l  in the indicated Section 3. 0 paragraphs.  

4. 2 Elec t r ica l  Grounding 

The objective of support equipment electr ical  grounding i s  to pro-  
duce equipotential grounding throughout the support equipment, by 
control of induced potentials f rom the ambient electromagnetic 
environment and circui t  cur rents  flowing between c i rcu i t ry  and 
s t ructure.  Achieving the proper  support equipment grounding 
requi res  attention to s t ruc tura l  (enclosure) grounding and circuit  
grounding. 

Structural  Grounding 

The support equipment component chass is  a r e  conductively mounted 
to  the equipment racks.  The rack  f r ames  a r e  grounded by the 
Instrumentation Ground T r e e  (IGT) a s  defined in paragraph 4. 2. 1. 3 .  
Structural  grounding provides two electr ical  functions : 

a )  Uniform distribution and dra in  of e lectr ical  charges.  

b)  , Unipotential ground reference for  the electronics.  

To  support these functions, the mater ia l s  and construction methods 
fo r  racks,  assemblies ,  subassemblies,  chassis ,  subchassis and 
other  elements shal l  be such that the electr ical  ground sys tem 
propert ies  remain  constant throughout the serv ice  life of the 
equipment. 

4 .2.  1. 1 Bonding. Adequate bonding (electr ical  conductivity) shall  be pro- 
vided ac ross  contiguous assemblies ,  subassemblies,  chassis ,  sub- 
chass is  and other Fack and junction box internal elements,  a s  
specified in DM504264, Support Equipment Consoles. 

4 .2 .1 .2  Electronic Enclosure. Support equipment rack and component 
shield grounding shal l  meet  the requirements of DM504264. 

4.2. 1. 3 Grounding for  Tes t  and Operations. Single point grounding of 
support equipment at  the sys tem test  complex ground point i s  pro-  
vided by the IGT a s  shown in  F igure  6. Circuit common, chass is  
and rack  f r ame  for  each subsystem rack a r e  thus connected to the 
ground point through one path, normally, the third wire  in the 
115 V line cord. External to the rack, this wire  shall  be 10 ga 
o r  l a rge r .  F o r  rack groups (two o r  m o r e  racks bolted together) 



Figure 6. Instrumentation Ground T r e e  
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more  than one power cord may be used. Since both cords follow 
the same route to the power distribution point (located near  the 
sys tem test  complex ground point), the "one path" rule of the single 
point grounding method i s  essentially maintained. The mission and 
test  computer remote input subsystem (RIS) in the system test  corn- 
plex is s imilar ly grounded by a separate  t r ee ,  connected to the 
same ground point a s  the IGT. 

The single point grounding plan i s  modified at the launch complex in 
that all equipment racks  and other enclosures,  e. g. , junction boxes, 
a r e  grounded to facility s t ructure,  locally. This method i s  used 
because physical considerations would interfere with the mechaniza- 
tion of single point rack  grounding and l e s s  stringent grounding 
requirements exist  due to the functional character is t ics  of such 
equipment. 

Launch complex equipment (LCE) racks shall therefore be refer -  
enced direct ly to facility s t ructure grounds through grounding s traps.  
To ensure personnel safety, reference through the power cord third 
wire shall  a lso be maintained. 

4. 2. 1. 4 Static Grounding. An electr ical  grounding lug shall be provided on 
all. full-size support equipment racks.  This lug shall  not protrude - - 
into any zone of activity,  but shall  be accessible to provide safe and 
reliable ground connection during special tests .  

Circuit  Grounding 

Circui try interconnecting semiconductors, capacitors,  t ransformers ,  
oscilloscopes, test  panels and other electronics shall be provided 
with electr ical  paths to s t ruc ture  a s  defined in Section 3 .  0. 

4. 2. 2. 1 Chassis  - Circuitry Isolation. Packaging techniques will be used 
which electrically isolate circui t ry f rom structure, a s  defined in 
Section 3. 0. 

4.2.2 .2  Circuit  Reference Tree; Support equipment circui t ry is referenced 
to the system tes t  complex ground point by means of the IGT. In 
each supPo rt equipmenf, subsystem, the circuit  common is, except 
f o r  isolated end- circui ts  and a s  sociated power supplies, connected 
direct ly to chassis.  The IGT, a s  defined in paragraph 4. 2. 1. 3, 
connects the equipment rack  f r ames  to the ground point and there-  
fore  grounds the circuitry.  

The current  in  any branch of the IGT shall  not exceed 5 .0  mA, peak. 

4.2. 2. 3 Portable Equipment Grounding. Whenever portable o r  temporary 
tes t  equipment i s  connected to the spacecraft  o r  support equipment, 
such equipment shall  be powered f rom 60 Hz ac  through an isolation 
t ransformer ,  o r  f r o m  bat ter ies ,  and be provided with a static 
ground connection to the Spacecraft s t ruc ture  o r  support equipment 
rack  ground lug, a s  appropriate.  



4. 2 .  2 .  4 Remote Equipment Grounding. Equipment not in the immediate 
vicinity of the p r imary  support equipment group shall  not be 
powered f rom IGT -Referenced outlets. Grounding within such 
equipment shall not introduce a ground loop. 

Interfacing 

Interface requirements for  support equipment interfacing with the 
spacecraft  o r  with other support equipment, follow. Section 3. 0, 
paragraph 3. 3, applies. Table 2 for  support equipment i s  equiva- 
lent to Table 1 for flight equipment. 

4 . 3 .  1 End- Circuit Types 

The sending and receiving end-circuit  types a r e  identified by end- 
circuit  numbers  in Table 2.  In paragraph 5 .2 ,  these numbers  a r e  
related to manufacturers '  specifications and other information. 

Cabling Type 

End-circuit noise immunity and other  character is t ics  must  be com- 
patible with cabling noise levels and line parameters ,  therefore,  
circuit  types designated in Tables 1 and 2 for  particular SE cable 
types shall  only be used with those cable types. Direct Access,  
Umbilical, Support Equipment - Support Equipment, Support Equip- 
ment - Remote Input Subsystem, Support Equipment - Central  - 
Recording Subsystem, Power - Support Equipment, and Power - 
Remote Input Subs ys tem cable types have been defined. 

4. 3 .  3 Signal Class  

The signal c lass  for  which a circui t  type may be used i s  a s  shown 
in Table 2. 

4. 3 .4  Signal Amplitude 

Unless otherwise noted, signal amplitudes specified in Table 2 a r e  
peak-to-peak voltages. 

4. 3. 5 Conducted Noise Emission 

F o r  bi-level circuits,  shor t  t e r m  signal amplitude deviations (due 
to distortion and interference originating within the sending sub- 
sys tem)  shall  be not m o r e  than *5 percent of the expected signal 
peak-to-peak amplitude and within the l imits shown in the circui t  
data sheets. The maximum permissible  amplitude deviation f rom 
any cause (shor t  t e rm,  dr i f t  o r  other  effect originating within the 



Table 2. Support Equipment Standard Interface Circuit  Requirements 

Abbr:  Notes: 

CRS Central  Recording Subsys tem a See  Table 3 
I Isolated b Information only 
NA Not Applicable (No Req ' t  in th is  Doc. )  c Ground shie ld  a t  one end, but not a t  both 
R Referenced d F o r  D i rec t  Access  and Umbilical  C i r cu i t s ,  s e e  Table  1 
R F  Radio Frequency 
RIS Remote Input Subsys tem 
0 1  Optically Isola ted  



sending subsystem) shall  be a s  shown by the circui t  data sheet 
waveform envelope and, unless otherwise shown thereon, shall  be 
not m o r e  than f 10 percent  of the expected signal peak-to-peak 
amplitude. If the circui t  normally functions a t  cer tain t imes in a 
weak-signal mode, to that extent, the conducted noise emission 
requirement does not apply. 

Conducted Nois e Sus ccptibility 

All interface signal c i rcui ts  shall  be 'designed to operate acceptably 
in the presence of sys tem and subsystem electr ical  noise and in ter -  
ference. F o r  bi-level circuits,  conducted emission f rom the send- 
ing subsystem m a y  modify the signal within the constraint of 
paragraph 4. 3.  5. Also, e lectr ical  noise o r  interference within the 
receiving subsystem may fur ther  modify the signal. Finally, elec- 
t r ica l  noise may  be introduced on the sys tem interconnecting wiring. 

Overload and Faul t  Protection 

Overload and fault protection requirements for  115 V ,  60 Hz facility 
power circuits,  d i rec t  access  circuits and umbilical circuits,  follow. 

Rack Power Circuit. Delivery of only one phase of the 115 V facility 
power to one part icular  support equipment subsystem shall  be an 
objective. Each such power circui t  shal l  be equipped with a circui t  - 
breaker  in the power distribution subsystem (PDS). Ground cu r ren t  
monitoring will also be provided in the PDS. 

Direct  Access and Umbilical Circuit. See paragraph 3. 3 .  7. 5. 

End-Circuit Grounding and Isolation 

See Section 3. 0 and Table 2. 

AC Power User  End-Circuit Isolation. Except for  remote SE, ac,  
115 V power shall  be distributed to support equipment only f rom 
the PDS. Power shal l  be distributed only to multiple shield isola- 
tion t ransformers ,  connected a s  shown in Figure 7. 

Direct Access and Umbilical Circuit  Isolation. See Section 3 .  0, 
paragraph 3. 3. 8. 3 .  7. 

Coaxial Cable End-Circuit Isolation. Coaxial cables between the 
spacecraft  and support equipment and coaxial cables between sup- 
port equipment racks ( o r  junction boxes) referenced to separate  

:::As specified in MJS77-3-240. Occasional pulses may exceed this amplitude. 
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branches of the IGT shall have a dc block inserted and visible, a t  
a point in the cable, external to the equipment. The block shall be 
effective for both the inner and outer (shield) conductors. 

Wire Length 

Except where existing cabling is  to be used with Pro jec t  approval, 
sys tem and subsystem cabling shall  be no longer than necessary 
(with a modest margin)  to accommodate the tes t  configurations in 
which the cables will be used. Cabling which simulates system 
wiring, including umbilical replacement cabling in the system test  
complex and flight replacement cabling in bench checkout equipment, 
ideally simulates the cr i t ical  character is t ics  of the cabling that is 
being replaced. BCE cabling is typically longer than the flight 
cabling; the BCE cable length should be kept a s  short  a s  practical. 

4.3.10 Wire Group 

Requirements a r e  specified in Table 2. 

4.3.11 Wire Shield 

Standard wire-shield grounding practice i s  specified in Table 2 by 
reference to Figure 5 o r  footnote. F o r  non-standard practice, s ee  - 
Section 3. 0. 

I 4.3.12 Wire Bundle 

In umbilical cabling, separate  bundles a r e  provided for  a )  quiet c i r -  
cuits and b) other (noisy and power) circuits.  11 5 V ,  60 Hz power 
is  ca r r i ed  separately f r o m  a l l  other circuit  categories.  Umbilical 
circuit  types a r e  assigned to bundles as shown in Section 3. 0. 

4. 3. 13 Other Interface Circuit  Requirements 

The following paragraphs relating to direct  access  circuits,  umbili- 
cal  c i rcui ts ,  sys tem simulation circuits and remote input subsys- 
t em circui ts  do not require  supporting reference to Table 2 o r  
Section 3. 0. 

4. 3. 13. 1 Direct Access  Circuit  Signal Conditioning. Except for battery tes t  
, l ine fuses,  buffers o r  amplifiers o r  other in-line conditioning 
I packages shall  not be inser ted in the direct  access  cabling between 

the spacecraft  and the support equipment tes t  sets .  In-line devices 
I in the umbilical interface between the spacecraft  and the support 

equipment shall  be held to a minimum. 

4. 3. 13. 2 Umbilical Circuit  Uniform Design. Umbilical interface circui ts  
which a r e  used in both the sys tem te s t  complex and launch complex 
configurations shall  be designed to function in both configurations 
without modification of the end-circuits o r  in-line equipment. 



4. 3. 13. 3 System Simulation Circuit  Cable Pa ramete r s .  Cabling that 
replaces flight wiring in bench checkout equipment, a s  pa r t  of the 
simulation of interfacing sub systems, and cabltng in the sys tem 
te s t  complex that represents  launch complex umbilical cabling a r e  
the p r imary  examples of sys tem simulation cabling. System simu- 
lation cabling shall  be designed a s  f a r  as pract ical  to duplicate 
cr i t ical  pa ramete r s  of the cabling being replaced. F o r  umbilical 
power circui ts ,  for  example, ohmic resis tance may be crit ical .  
Typically, the replacement cabling, being shor te r  would be fabri-  
cated with l ighter gage wire to produce conductivity approximately 
equivalent to the res i s tance  in the umbilical cabling. F o r  simulated 
interface circui ts  in bench checkout equipment, line-to-line capci- 
tance may be crit ical .  The longer cabling simulating the flight 
cabling would be  fabricated with wires  having thicker insulation than 
the flight wiring, to produce overal l  capacitance approximately equal 
to the line-to-lin,e capacitance in the flight wiring. Since sat isfac-  
tory tes t  performance is  a strong consideration, the objective is 
sys tem simulation cabling with cr i t ical  parameters  a s  real is t ic  a s  
possible and not l e s s  favorable than those of the cabling being 
simulated. 

4. 3 .  13.4 Remote Lnput Subsystem Circuits.  Circuits t ransferr ing data  from 
the SE to the MTC shall be implemented with Circuit Type 109 a s  
defined in Table 2 .  The end-circuits shall  be a s  l istedaik Table 3. 
An equivalent type of d r ive r  i s  acceptable. The isolation specified 
in the Table m a y  be reversed  where necessary  to achieve compati- 
bility with the shield grounding contained in existing cabling. 

5.  0 NOTES 

5. 1 General 

This section contains information which i s  too detailed for  inclusion 
in Sections 3. 0 and 4. 0. 

5. 2 End- Circuit  Specifications 

F o r  information, sources  of end-circuit devices and end- circuit  
specifications a r e  presented in Table 3. 

5. 3 Definitions 

T e r m  definitions that a r e  necessary  for  co r rec t  interpretation of 
the requirements  a r e  a s  follows: 

Acceptable Performance.  Equipment functioning with e r r o r  ra tes ,  
signal resolution and controllabilitv sufficient to ensure  realization 
of-mission objectives under all  t es t  and flight environments, con- 
figurations and states,  i. e . ,  operation in conformance with the 
functional requirements.  

Analysis. Reasoning and calculations in written form on which a 
design decision i s  based. 



Table 3 .  End-Circuit  Data Sourcesa 

Explanat ion - 
Column I A s  sh0u.n in T a b l e s  1 .  L a  Information only 
Column 2 End-c i rcu i t  g e n e r i c  name b  Suppor t  Equipment  only 
Column 3 P r i n c i p a l  o r  typical  s o u r c e  c  IVith s ignal  exci tat ion f r o m  rece iv ing  
Column 4 P a r t i a l  N o . ,  not indicat ive s u b s y s t e m  

o i  packaging,  v a r i a n t  types ,  d With RC f i l t e r  t l m e  cons tan t  > 0 . 3  p s ( 5 K  R x 60 PF) 
e t c .  e As used in FDS 

f As used in CCS -, 

2 Atlrl o t h e r s  
h \ \ - ~ t h  R C  f ~ l t e r  t lme  cons tan t  6 .  0 11s. 

1  

End - 
C i r c u i t  

- No. 

10 

14 

1 5  

17 

2 2 

2  3  

26 

26 

2  7  

28 

2 9  

30 

32 

3  3  

3  4  

3  5 

3  6  

3 7  

38 

3  

11 

4 2 

1 3  

3 

M a n u f a c t u r e r  

S t a t h a m  I n s t r u m e n t s  

H a r r i s  Semiconduc tor  

H a r r i s  Semiconduc tor  

Si l iconix 

National Semiconduc tor  

National  S e m i c o n d u c t o r  

Teledyne 

Te ledyne  

Rosemount  

RC A 

RCA 

RCA 

J P L ~  

J P L ~  

National Semiconduc tor  

J P L ~  

J P L ~  

R C A  

N a t i o n a l S e m i c o n d u c t o r  

H e w l e t t - P a c k a r d  

Standard C o n t r o l  I. 

2 

TY pe 

P r e s s u r e  T r a n s d u c e r  

C u r r e n t  D r i v e r  

C u r r e n t  R e c e i v e r  

S R  Switch 

Line D r i v e r  
b  

L ine  R e c e i v e r  
b  

Relay Coil  

Re lay  Contac t s  

T e m p  S e n s o r  

CMOS Gate  

CMOS G a t e  ( Inver t ing)  

CMOS ~ e c e i v e r ~  

C o m m u t a  t o r  

T e m p  R e c e i v e r  

High Speed C o m p a r a t o r  
d  

C a r r i e r  R e c e i v e r  

Isolated Switch 

CMOS SPST o r  S P D T  
SwitchC 

Medium Speed c o m p a r a t o r e  

G a t e ,  Optical ly  Isolated 
b 

P y r o  Squib, SBW 

P y r o  Squib, DSW 

P r e s s u r e  T r a n s d u c e r  

4  

M F R  
Type  No. 

- 

HD245 

HD246 

DG133 

DM78 30 

DM78 30 

41 2 

412 

118 

4050 

4049 

40491 
4050 

- 

- 

LM139 

- 

- 

4053 

LM139 

5082-4360 

2  13 

5  

JPL 
S T D  No. 

- 
S T 1  1498 

ST1 1498 

ST1 1496 

- 

- 

CS506099 

CS506099 

ST1 1 8 5 5 ~  

S T 1  1868 

ST1 1868 

ST1 1868 

ST1 1868 

ST1 1868 

ST11869 

- 

- 

ST11868 

ST11869 



Bar r i e r ,  R F .  At interfaces between stages,  shield grounding o r  
other measures  designed to attenuate unwanted t ransfer  of R F  
energy. 

Bi- Level. With "low" and "high" voltage o r  current  values, r ep re -  
s enting two alternate states.  

Bonding. The existence of o r  provision for ,  e lectr ical  conductivity 
between objects held together by mounting joints o r  interconnected 
by wires  o r  s t raps.  

Bond, High Conductivity. (E) Resistance between the bonded 
objects of 0. 025 ohms, o r  less .  No tes t  voltage applied between 
the objects shal l  exceed 0. 10 V and no t e s t  current  through the bond 
shal l  exceed 4. 0 mA. 

Bond, Medium Conductivity. (M) Resistance between the bonded 
objects of 10, 000 ohms, o r  less .  T e s t  verification would be with 
two tests ;  one with a cur rent  in the range, 8.00 to 13.00 uA and 
another with a cur rent  in the range, 0. 90 to 1. 20 mA. 

Bond, Low Conductivity. ( L )  Resistance between the bonded 
objects such that less  than 10.0 V appears across  the bond when a 
cur rent  level determined in accordance with F igure  8 passes  
through the bond. 

AMPERES 

10000 in. 
2 

MAXIMUM SURFACE AREA EXPOSED DIRECTLY TO JOVlAN 
CHARGED PARTICLE FLUX 

Figure 8. Equipotential Bonding Design Current vs.  
Hardware Surface Area 



Bond, Wire. (W) Resistance between objects interconnected by the 
bond wire  (or wire  shield) of 0.250 ohms o r  less .  Test verification 1 

would be with applied voltage between the objects of not more  than 
0.20 v. 

Circuit Common. T, .$ A network of conductors o r  printed wiring 
used within a subsystem to establish a zero  reference potential for 
subsystem circuitry.  

Circuit Return. That side of a two-wire circuit  which i s  intended to 
hold a zero  potential with respect to chassis,  in the presence of a 
signal. (A balanced circuit  will generally not have a circui t  return.  ) 

Chassis.  

Chassis, Connection To. n 
'4 Internal 

I External  

h I Alternate symbol, a l so  denoting , 
s t ruc ture  

Chassis, Insulated. Assembly, e. g. , science instru-  -. rl ment. mounted with supports 
4 which insulate the chassis  f rom 

supporting s t ructure.  

Common-Mode Voltage. An unwanted voltage in ground line o r  
s t ructure o r  both, appearing between the terminals  of an isolated 
end-circuit, and circuit  common (o r  chassis) .  If the voltage f rom 
one terminal  to circuit  common i s  unequal to the other voltage, the 
common-mode voltage is  the instantaneous average value. 

Conducted Noise. An unwanted voltage between signal line and 
return line. 

Conducted Noise Emission. Any voltage emitted f rom the end- 
circuit  output terminals ,  instead of o r  modifying the expected 
signal. 

Contact Bounce. In a relay o r  switch contact set ,  the making and 
breaking of the contact members  one o r  more  t imes  before a 
permanent s ta te  of contact o r  non-contact i s  reached. 

Direct Access Circuits.  Spacecraft-support equipment interface 
circuits which a r e  connected only during sys tem and subsystem 
testing. Direct access  connections a r e  not available on the launch 
pad. 



DC Block. Capacitance elements  inser ted in the center  and outer  
conductors of a coaxial cable to  provide high impedance a t  low f re-  
quencies while maintaining low impedance a t  the signal frequency. 

Elec t r ica l  Connector. r 1 : 0 1  
I 

j o  j 
L J 

End-Circuit. A relay, t ransformer ,  t r ans i s to r  and/or  other pa r t s  
designed to t r ansmi t  o r  receive signals through a wire  o r  cable 
ha rness  between subsystems o r  other pieces of equipment. 

F a s t  Signal. A digital signal with a 0 to  1 o r  1 to  0 transit ion t ime 
of l e s s  than 100 n s  for  flight circuits,  400 n s  for  inter-s tage c i r -  
cui ts  o r  1600 n s  for  d i r ec t  access  o r  umbilical c i rcui ts .  

Ground Line. The wi res  and other  conductors forming an e lec t r ica l  
ground path f rom a circui t  common to  s t ructure.  

Ground Loop. The presence of two o r  m o r e  cu r ren t  carrying paths 
between nominally ze ro  potential points creating one o r  m o r e  ground 
loops. 

External. Not par t  of a mission module electronic bay assembly. 
External electronic equipment consists of the Canopus Trackers ,  
PWS, CRS, PLS, LECP, Sun Sensors  and s imi lar  i tems. 

Flight-Associated Equipment Group. Collectively, the equipment 
racks  interfacing the spacecraf t  direct ly  o r  through in-line junc- 
tion boxes. CRS, RIS and s imi lar  racks ,  not included. 

Isolated. Having l a rge  res i s tance  and reactance f r o m  c i rcu i t ry  to 
s t ruc ture .  

Interface Circuit. Basically, a c ircui t  consisting of two end- 
circui ts  and interconnecting wiring, t ransferr ing signal o r  power 
f r o m  one subsystem to another,  o r  f r o m  one p a r t  of a subsystem to 
another remote p a r t  of the same subsystem. 

Reference. Connection f rom the re turn  terminal  of a device to a 
point in a c ircui t  reference t r e e  o r  other  ground system. 

Structure.  See, Chassis,  Connection To. 

Umbilical Circuits.  Circuits which connect the spacecraf t  through 
the launch complex umbilical connector to the Launch Complex 
Equipment o r ,  in the System Tes t  Complex, the equivalent circuits.  



Telemetry  Signal. An electr ical  analog of temperature o r  other 
measurand, sent f rom a t ransducer  in a subsystem, to the FDS. 
Digital, status and event signals a r e  included in the definition. 

SAFETY 

The requirements stated in  this document have been drafted with 
consideration for  the safety of equipment and personnel. In addi- 
tion, safety requirements  pertaining to the design of e lectr ical  
grounding and interfacing a r e  stated in other documents, a s  
indicated: 

- J P L  Safety Manual, Section 4 

601-4 J P L  Flight Pro jec t  Safety Guide 

DM509306 J P L  Design Requirement, Electronic Equipment 
and Cabling, Vol I, Design 

DM504264 Support Equipment Cons ole s 

MJS77 Electrostatic Control for  Assembly 
and Test Areas  

127-1 AFETRM Range Safety Manual 
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$ Table 1 .  Standard Interface Circuit 
Requirements 

CMOS 
D A 
DBW 

I 
I-S 
MS 

Complemen ta ry  Metal Oxide Semiconductor  
Direct  A c c e s s  
Dual Br idgewi re  
Flight 
Iligh Speed 
Isolated 
Inter-Stage 
Medium Speed 
Not Applicable (No Req ' t  in this Doc. I 
Quiet 
P o w e r  
Pyro techn ic  
Re fe renced  

RCVR Rece ive r  
R F  Radiofrequency 
SBW Single Bridgewire  
SCGL Single Conductor and Ground 
SCR Single Conductor and Return 
SPDT Single P o l e  Double Throw 
SPST Single P o l e  Single Throw 
SR Semiconductor  
T P  Twisted P a i r  
TQ Twisted Quad 
T T  Twisted Tr ip l e  
UM Umbilical 

Notes: 

a  Information, only 
Line b  Includes, da t a ,  s t robe  and enable  functions 

c  In this pa rag raph ,  only the  contact bounce 
requirement  appl ies  

d  R e c e ~ v e r  shal l  p e r f o r m  acceptably  despi te  s ende r  
contact bounce. 

e  For single c i r cu i t  
1 Isolation not mandatory where  End-Circui t  can he 

referenced to the  FDS Ci rcu i t  Reference Tree .  . 
g SeeTable  3 

-- 
NASA - JPL - Coml., L.A., Calif. 
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( I n s e r t  i n  618-205,  MJS77 Functiondl  
R e q u i r e m e n t s  Book) 

Custodian: T.  R i s a  
Sy s tem:  

T. R i s a  

JET PROPULSlON LABOR AT ORY 

NO. MJS77-3-270 
10 S e p t e m b e r  1975 

FUNCTIONAL REQUIREMENT 

MARINER JUPITERISATURN 1977 FLIGHT EQUIPMENT 

T E L E M E T R Y  AND COMMAND HANDLING 

$2 Denotes  change t o  o r i g i n a l  9 October  74 d ra f t .  
.4f::?~enotes change t o  l a t e s t  review copy. 

1 . 0  S C O P E  

T h i s  document  e s t a b l i s h e s  the funct ional  r e q u i r e m e n t s  f o r  the  
T e l e m e t r y  and Command Handling por t ions  of the  M a r i n e r  J u p i t e r /  
S a t u r n  1977 (MJS77) spacecra f t .  F o r  the p u r p o s e s  of t h i s  document ,  
T e l e m e t r y  Handling is defined as  those  funct ions  requ i red  to  p r e p a r e  
and p r o c e s s  both sc ience  and engineer ing d a t a  dur ing  any  phase  of 
the  m i s s i o n  f o r  subsequent  t r a n s m i s s i o n  to e a r t h .  Command Handling 
is defined a s  those  funct ions  r e q u i r e d  to  p r o c e s s  and execute  e i t h e r  
r e a l - t i m e  o r  s t o r e d  p r o g r a m m e d  command  funct ions  t r a n s m i t t e d  f r o m  
the  e a r t h  dur ing  any phase  of the  m i s s i o n .  

2 . 0  A P P L I C A B L E  DOCUMENTS 

The following documents  f o r m  a p a r t  of th i s  functional  r equ i rement :  

NOTE 

MJS77- 3- 100,  Spacecra f t  R e q u i r e m e n t s  and C o n s t r a i n t s ,  a p p l i e s  to  
th i s  document .  R e q u i r e m e n t s  of o t h e r  MJS77 l e v e l  3 documents  m a y  
a l s o  be appl icable .  I t  is  the respons ib i l i ty  of the  u s e r  to  adequate ly  
acqua in t  h imse l f  with the o rgan iza t ion  and p e r t i n e n t  content  of the  
l e v e l  3 documents ,  a s  we l l  as with the  m a t e r i a l  contained he re in .  

P a g e  1 of 8 8  



REQUIREMENTS 

J e t  Propuls ion  Labo ra to ry  

Functional  Requirement ,  Mar ine r  Jup i te r  / 
Saturn 1977 Spacecraf t  Requi rements  
and Constra ints  

Functional  Requirement ,  Mar ine r  
Jup i te r  /Saturn 1977 Functional  Block 
D iag ram and Interface  Lis t ings  

Functional  Requirement ,  Mar ine r  
Jup i te r  /Saturn 1977 Te l eme t ry  
Measu remen t s  and Data F o r m a t s  

Functional  Requirement ,  Mar iner  
Jup i t e r ISa tu rn  1977 Command S t ruc ture  
and Assignments  

Functional  Requirement ,  Mar ine r  
~ u p i t e r / ~ a t u r n  1977 Telecommunicat ions  

TELEMETRY REQUIREMENTS 

Genera l  

Functional  Requirement ,  Mar iner  
Jup i te r ISa turn  1977 Software Require-  -. 

m e n t s  

The MJS77 spacecra f t  (SIC)  shal l  contain equipment to pe r fo rm the 
t e l eme t ry  functions as  defined in  Section 1. 0 of th is  document. The 
individual subsys tem r o l e s  in performing the t e l eme t ry  functions 
shal l  be a s  specified i n  MJS77- 3-  100, Spacecra f t  Requi rements  and 
Cons t ra in t s  and MJS77- 3-300, Telecommunications.  

The data  flow block d i ag ram,  depicted in F igu re  1,  shows the func- 
tional flow of a l l  MJS77 spacecra f t  t e l eme t ry  data .  

Data Management 

All data  shal l  be c lass i f ied into one of four (4) groups:  . 
a )  Engineering Data  

b) Memory  Data 

c )  Genera l  Science Data 

d) Imaging Data 
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Genera l  Science  d a t a  is f u r t h e r  ca tegor ized  accord ing  to i n s t r u m e n t  
s o u r c e  a s  follows: 

a )  C o s m i c  Ray Subsys tem (CRS) 

b) P l a n e t a r y  Radio  As t ronomy Subsys tem ( P R A )  

c )  P l a s m a  Wave Subsys tem (PWS) 

d)  Low E n e r g y  Charged P a r t i c l e  Subsys tem ( L E C P )  

e )  P h o t o p o l a r i m e t e r  S u b s y s t e m  ( P P S )  

f )  Plasma S u b s y s t e m  ( P L S )  

g )  Ul t rav io le t  S p e c t r o m e t e r  S u b s y s t e m  (UVS) 

h) Magne tomete r  Subsys tem (MAG) 

i) In f ra red  I n t e r f e r o m e t e r  S p e c t r o m e t e r  and R a d i o m e t e r  
Subsys tem (IRIS) 

Engineer ing Data 

Engineer ing Data  is tha t  in fo rmat ion  which i s  r equ i red  to moni to r  
the  s t a t u s  and p e r f o r m a n c e  of S I C  engineer ing s u b s y s t e m s  and 
sc ience  i n s t r u m e n t s ,  and c o n s i s t s  speci f ica l ly  of those  m e a s u r e -  
m e n t s  defined in  MJS77-3-280, T e l e m e t r y  M e a s u r e m e n t s  and Data 
F o r m a t s .  

3 . 2 .  1 . 1  Engineer ing Data Selec t ion C r i t e r i a .  The p r i o r i t y  in se lec t ing 
engineer ing t e l e m e t r y  m e a s u r e m e n t s  i s  l i s ted  below. T h i s  o r d e r  of 
p r i o r i t i e s  s h a l l  be uskd in  the a s s i g n m e n t  of m e a s u r e m e n t s  to the  
f o r m a t s  l i s t ed  i n  MJS77-3-280. 

a )  M e a s u r e m e n t s  n e c e s s a r y  f o r  f l ight  opera t ions .  

b) M e a s u r e m e n t s  tha t  g ive  posi t ive  indicat ion of onboard even t s .  

c)  M e a s u r e m e n t s  r equ i red  f o r  se lec t ing between a l t e r n a t e  m o d e s  
of opera t ion  o r  redundant  e l e m e n t s .  

d) M e a s u r e m e n t s  of s u b s y s t e m  p a r a m e t e r s  d i r e c t l y  affect ing 
s y s t e m  p e r f o r m a n c e .  

e )  M e a s u r e m e n t s  n e c e s s a r y  to evaluate  the p e r f o r m a n c e  of sub- 
s y s t e m s  not p rev ious ly  flown. 

f )  M e a s u r e m e n t s  n e c e s s a r y  to  evaluate  the p e r f o r m a n c e  of a  
s u b s y s t e m  previously  flown. 



Memory  Data 

Memory  data  i s  that  data  res iding in  the m e m o r i e s  of the computer  
command subsys tem (CCS), flight da ta  subsys tem (FDS) , and att i-  
tude and ar t icula t ion control  subsys tem (AACS) which provides  
e i t he r  in te rna l  o r  ex te rna l  subsys tem control .  

Genera l  Science Data 

Genera l  sc ience da ta  cons i s t s  of the da ta  produced by a l l  non-imaging 
science ins t ruments  with the exception of those m e a s u r e m e n t s  in- 
cluded in  the engineering data  s t r e a m  fo r  the purpose  of monitoring 
the s t a tu s /pe r fo rmance  of those ins t ruments .  

3 . 2 . 4  Imaging Data 

Imaging da ta  cons i s t s  of a l l  data produced by the ISS with the excep- 
tion of those m e a s u r e m e n t s  included in  the engineering da ta  s t r e a m .  
fo r  the purpose of monitoring the s t a tu s /pe r fo rmance  of the ISS. 

3 . 3  Data Acquisition 

All da ta  generated by spacecraf t  subsys t ems  shal l  be initially routed 
to  the FDS fo r  conditioning and process ing  before being sen t  to the 
modulation demodulation subsys tem (MDS) and / o r  the data  s to rage  
subsys tem (DSS). All m e a s u r e m e n t s  shal l  be sampled a t  the r a t e s  
and in the sequences  a s  specified in  MJS77-3-280. 

3 . 4  Data T ransmis s ion  

T h e r e  shal l  be two (2) t e lemet ry  s u b c a r r i e r s  (channels)  provided for  
the t r ansmis s ion  of spacecraf t  data: a low r a t e  channel and a high 
r a t e  channel. The low r a t e  channel sha l l  function only a t  S- band 
whe reas  the high r a t e  channel shal l  function a t  e i ther  S- o r  X-band. 

Low-Rate Channel 

The low r a t e  channel shal l  contain rea l - t ime  engineering data  exclu- 
sively and i s  normal ly  on only dur ing planetary encounter per iods  
when the high r a t e  channel i s  operating a t  X-band. The low r a t e  
channel shal l  contain engineering da ta  only, opera te  a t  a single rate. 
of 40 bps,  and shal l  be commanded on o r  off by CCS command to the 
MDS. I t  shal l  be possible to remove  low r a t e  channel t e l eme t ry  
modulation f r o m  the rad io  f requency subsys tem (RFS) interface by 
CCS command to the MDS. 

* 3 .4 .2  High- Rate  Channel 

The high r a t e  channel shal l  normal ly  be on a t  a l l  t i m e s  dur ing the 
miss ion .  This  channel m a y  contain any of the following types  of data .  

a )  Real-  t ime  engineering only 

b) Real-  t ime  gene ra l  sc ience and engineering 
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c)  Real -  t ime  g e n e r a l  sc ience ,  engineer ing and imaging 

d) Rea l - t ime  g e n e r a l  sc ience ,  engineer ing and playback 

e )  P layback  only 

It sha l l  be poss ib le  t o  r e m o v e  high r a t e  channel  t e l e m e t r y  modula-  
tion f r o m  the R F S  in te r face  by CCS command to the MDS. The 
t e l e m e t r y  r a t e s  and m o d e s  avai lable  on the high r a t e  channel  shal l  
be a s  specif ied in Section 3 . 8  of th i s  document .  

Data P r o c e s s i n g  

P r o c e s s i n g  to be p e r f o r m e d  on da ta  sha l l  c o n s i s t  of A I D  convers ion,  
buffering,  se lec ted  f ixed-length c o m p r e s s i o n  and edit ing,  format t ing  
and s o u r c e  e r r o r  p ro tec t ion  coding. 

Ini t ial  Data F o r m s  

Data  sha l l  be p resen ted  to  the FDS in e i the r  analog o r  d ig i ta l  f o r m .  
Digital  da ta  m a y  c o n s i s t  of d i s c r e t e  event  p u l s e s ,  binary l eve l s ,  o r  
s e r i a l  N R Z  data .  Analog da ta  sha l l  cons i s t  of va r iab le  voltages.  
All analog engineer ing d a t a  sha l l  be r e s t r i c t e d  to the r a n g e s  speci -  
fied in  MJS77-3-280. Data  p resen ted  to the MDS o r  DSS shal l  be in 
the f o r m  of s e r i a l  N R Z  data .  

- 
3 .  5 .2  AID Convers ion  

Data p resen ted  to the FDS a s  analog vol tages  sha l l  be conver ted  to 
8-bit  b inary  coded digi ta l  words .  When the d a t a  is introduced into 
the  s e r i a l  da ta  s t r e a m ,  it shal l  be m o s t  s ignif icant  b i t  (MSB) f i r s t .  

Data Edit ing and C o m p r e s s i o n  

The FDS sha l l  provide  the  capabil i ty of executing s i m p l e ,  fixed 
length compress ion /ed i t ing  s c h e m e s  on se lec ted  sc ience  data .  
Individual i n s t r u m e n t  editing and c o m p r e s s i o n  r e q u i r e m e n t s  sha l l  
be a s  specif ied in  Sect ion 5 .0  of th i s  document.  

Source  E r r o r  P r o t e c t i o n  C o d i n g  

The FDS sha l l  provide  the  capabil i ty to code the g e n e r a l  sc ience  and 
engineer ing da ta  t r ansmi t t ed  on the  high r a t e  channel  with a Golay 
(24,  12) code in te r l eaved  to depth 36.  T h i s  in ter leaving s c h e m e  
sha l l  be as  defined i n  MJS77-3-280. Genera l  sc ience  and engineer-  
ing da ta  sha l l  a lways  be Golay-coded when being t r ansmi t t ed  in r e a l  
t i m e  with imaging o r  playback d a t a  o r  when being recorded  with 
imaging data .  G e n e r a l  sc ience  and engineer ing da ta  t r ansmi t t ed  
dur ing c r u i s e  sha l l  not  be Golay- coded. Engineer ing d a t a  t r a n s -  
mi t t ed  on the  low r a t e  channel  sha l l  not be Golay coded. 

Data  F o r m a t t i n g  

All d a t a  sha l l  be a s s e m b l e d  by the FDS into the f o r m a t s  a s  specif ied 
in  MJS77-3-280. 



Data Storage 

Data s to rage  shal l  be provided by the DSS via a single digi ta l  tape 
r e c o r d e r  (DTR). The operat ional  specifications relat ing to s to rage  
capacity,  s t a r t - s top  cyc les ,  and number  of p a s s e s  shal l  be a s  
specified i n  MJS77-3- 100. 

* 3 . 7 . 1  Data R e c o r d i n g  

The DSS shal l  be capable of recording any of the following on com- 
mand f r o m  the CCS: 

a )  Imaging da ta  and Golay coded gene ra l  sc ience and engineering 
da ta  a t  11 5. 2 kbps. 

b) Golay coded gene ra l  sc ience and. engineering data  a t  7.2 kbps. 

c)  Non Golay coded spec ia l  occultat ion gene ra l  sc ience and 
engineering da ta  a t  7. 2 kbps. * 

d)  Engineering only da ta  a t  7.2 kbps. 

Recording shal l  be accomplished sequential ly,  one t r a c k  a t  a t ime. 
During the record  mode the DSS s t a r t l s t o p  operat ion shal l  be 
capable of being controlled by e i t he r  FDS o r  CCS command. 

** 3 . 7 . 2  Data Playback 

The DSS shal l  be capable of playing back da ta  to the FDS a t  any of 
the following r a t e s  on command f r o m  the CCS: 

a )  57. 6 kbps 

b) 33.6 kbps 

c)  2 1 . 6 k b p s  

d) 7.2 kbps 

All  playback da ta  sha l l  be  sequential ,  one  t r a c k  a t  a t ime ,  and in  the  
s a m e  direct ion a s  it was recorded.  

3. 8 Te leme t ry  Modes and Ra te s  

3. 8 .1  Engineering Only 

3.8.  1. 1 General .  I t  shal l  be possible  to acqu i r e  and t r a n s m i t  r ea l - t ime  
engineering da ta  a t  e i t he r  40 o r  1200 bps. Engineering only te lem- 
e t r y  modes  shal l  be used during launch, m e m o r y  readouts ,  t r a j ec -  
t o ry  co r r ec t i on  maneuve r s ,  and,  if neces sa ry ,  to aid in the diagnosis  
of anomalous in-flight per formance  of the Miss ion  Module (MM). 
The high r a t e  channel shal l  accommodate  both the 40 and 1200 bps 

*Rate of engineering da ta  acquis i t ion i s  1200 bps. Method of t rans forming  
1200 bps engineering r a t e  to 7.2 kbps r eco rd  r a t e  i s  descr ibed  in  paragraph  
3. 8. 1 .3 .  



engineer ing r a t e  w h e r e a s  the low r a t e  channel  sha l l  accommodate  
only the 40 bps r a t e .  All  engineer ing f o r m a t s  shal l  be a s  specif ied 
i n  MJS77-3-280. I t  sha l l  be poss ib le  to  a l t e r  the  engineer ing f o r m a t s  
in  a c c o r d a n c e  with the r e q u i r e m e n t s  a s  specif ied in  MJS77-3-310, 
Software Requ i rements .  A s u m m a r y  of the engineer ing t e l e m e t r y  
m o d e s  avai lable  i s  shown in Table  1 .  

* 3 .  8 . 1 . 2  Launch Mode. Engineer ing da ta  a t  40 bps sha l l  be t r ansmi t t ed  a t  
S-band via the high r a t e  channel  and a l s o  routed to  the Cen taur  fo r  
t r a n s m i s s i o n  with Cen taur  t e l e m e t r y  d a t a  dur ing the m a j o r i t y  of the 
launch phase .  A s h o r t  t i m e  (TBD)  p r i o r  to Cen taur  separa t ion ,  the 
CCS sha l l  command the FDS to switch to  the t r a n s m i s s i o n  of 1200 bps 
engineer ing da ta  a t  S-band via the high r a t e  channel .  The f o r m a t s  
i n  u s e  a t  40 and 1200 bps dur ing the launch phase  shal l  be identical .  
The FDS sha l l  provide  the high r a t e  engineer ing da ta  to the DSS 
f o r  r ecord ing .  The method of matching t h e  1200 bps eng ineer -  
ing d a t a  acquis i t ion  r a t e  t o  the 7200 bps DSS r e c o r d  r a t e  is ident ica l  
to  tha t  d e s c r i b e d  in p a r a g r a p h  3 . 8 . 1 . 3 .  No addit ional  p e r f o r m a n c e  
r e q u i r e m e n t s  sha l l  be levied on the DSS f o r  r ecord ing  of launch 
t e l e m e t r y  data .  

* 3 . 8 . 1 . 3  T r a j e c t o r y  C o r r e c t i o n  Maneuver  ( T C M )  Mode. High r a t e  eng ineer -  
ing da ta  sha l l  be acqu i red  and r e c o r d e d  on the  MM's  t a ~ e  r e c o r d e r  
dur ing TCM. A 2880 bit  m i n o r  f r a m e  length and 0 . 4  s L m i n o r  f r a m e  
t i m e  sha l l  be employed.  The  f i r s t  480 b i t s  sha l l  be ac tua l  eng ineer -  -.-. 

ing da ta  w h e r e a s  the  l a s t  2400 bi ts  sha l l  be f i l l e r .  T h i s  p r o c e s s  
affect ively i n c r e a s e s  the  1200 bps  engineer ing acquis i t ion  r a t e  to 
the 7200 bps s t r e a m  requ i red  by the DSS. 

* 3 . 8 . 1 . 4  CCS Mem'ory Readout  Mode. CCS m e m o r y  readou t  sha l l  be a c c o m -  
plished by rep lac ing  engineer ing d a t a  with readout  data .  The 
implementa t ion sha l l  be to p lace  8-bi t  bytes  of r eadou t  d a t a ,  MSB 
f i r s t ,  on engineer ing c o m m u t a t o r  pos i t ions  108 through 159. Since 
28 bi ts  a r e  requ i red  to readou t  one CCS m e m o r y  w o r d ,  the eighth 
bi t  of each  byte sha l l  be a r e p e a t  of the  7th bi t  of the  byte. Readout  
a t  1200 bps  o r  40 bps o v e r  the  high r a t e  channel  s h a l l  be poss ib le .  
The CCS readou t  sha l l  be accompl i shed  by a subrout ine  in  the CCS. 
Th.e capabil i ty sha l l  e x i s t  to r ead  out  a l l  o r  any por t ion of the m e m o r y .  

* 3.8.1.  5 FDS M e m o r y  Readout  Mode. FDS m e m o r y  readou t  sha l l  be a c c o m -  
plished by replac ing engineer ing d a t a  with readou t  da ta .  The  imple-  
menta t ion  s h a l l  be to p lace  8-bi t  bytes  of r eadou t  d a t a ,  MSB f i r s t ,  
on engineer ing c o m m u t a t o r  pos i t ions  108 through 159. Readout  a t  
1200 bps o r  40 bps o v e r  the  high r a t e  channel  sha l l  be poss ib le .  The 
FDS readou t  sha l l  be accompl i shed  by a subrout ine  i n  the FDS. The 
capabil i ty sha l l  e x i s t  to  r e a d  out a l l  o r  any por t ion of the m e m o r y .  

* 3 - 8 . 1 . 6  AACS M e m o r y  Readout  Mode. AACS m e m o r y  readou t  a t  1200 bps ,  
40 bps ,  o r  10*bps o v e r  the high r a t e  channel  sha l l  be poss ib le .  The 
capibility s h a l l - e x i s t  t o  r e a d  o u t  a l l  o r  any por t ion of t h a t  m e m o r y  
which is powered.  Two f o r m a t s  s h a l l  be employed depending on the -.. 
readou t  r a t e  i n  effect.  

*No r e q u i r e m e n t  f o r  a 10 bps  AACS m e m o r y  readout  mode has  been  identified. 



Table 1. Engineering Only Telemetry  Modes 

Notes: a Engineering da ta  acquis i t ion  r a t e  in 1200 bps. 

@ R e a l  t i m e  acquimition of TCM data  not requi red  

@ T r a n s m i s s i o n  a t  X-band i s  poss ib le  but unlikely f o r  t h e s e  m o d e s .  

@ "X" i n  MSB posit ion of f o r m a t  des ignator  word i s  rep laced  by a 
"1" f o r  S I C  F L T - 1  o r  a "0" for  S I C  F L T - 2 .  

, 

Mode 

ENGR-1 

ENGR-2 

ENGR-3 

ENGR-4 

ENGR- 5 

ENGR-6 

ENGR-7 

ENGR-8 

ENGR-9 

ENGR-10 

ENGR-11 

Funct ion  

High R a t e  Launch 
Engineering 

Low R a t e  Launch 
Engineering 

C r u i s e  
Engineering 

TCM 
Engineering 

Encounter  
Engineering 

Low Rate  FDS 
Memory Readout 

Low R a t e  CCS 
M e m o r y  Readout  

Low R a t e  AACS 
Memory Readout  

High Rate  F D S  
Memory Readout  

High Rate  C C S  
Memory Readout  

High Rate  AACS 
Memory Readout  

Low Rate  

Status 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

S ta tus  

On 

On 

On 

On 

On 

On 

On 

On 

On 

On 

On 

Channel 

Contents  

NIA 

NIA 

N/ A 

NIA 

NIA 

NI A 

NIA 

N/A 

N/ A 

NIA 

NIA 

Configuration 

DeF~iz:r 
NIA 

N / A  

N/A 

N/A 

N /A 

N /A 

N/A 

N /  A 

N/ A 

N/A 

NIA 

Status 

Record  

s lew 

Off 

Record  

Off 

Off 

Off 

Off 

Off 

Off 

Off 

F o r m a t  
Des ignator  

o 
XOOlOOOO 

XOOOlOOO 

XOOOlOOl 

~ 0 0 0 0 0 0 1  

XOOlOOll 

XOOOlOlO 

XOOOllll 

XOOOlllO 

XOOOllOl 

XOOlOlll 

XOOlOllO 

XOOlOlOl 

Configuration 

Rate  
( b l s )  

a 
7200 

NIA 

NIA 

0 
7200 

N/A 

NIA 

NIA 

NIA 

NIA 

NIA 

NIA 

T a p e  R e c o r d e r  

R e c o r d 1  
Playback  
Content. 

Launch 
Engineer ing  

NIA 

NIA 

T C M  
Engineer ing  

NIA 

NIA 

N l A  

NIA 

NIA 

NIA 

NIA 

F o r m a t  
D e s i n a t o r  b 
XOOllOOO 

NI  A 

NIA 

XOOllOll  

NIA 

NIA 

NI A 

N I  A 

N I A  

N I A  

NIA 

R a t e  
( b / s )  

1200 

40 

40 
o r  
10 

1200 

40 

40 

40 

40 

1200 

1200 

1200 

High Rate  

T r a n s m i s s i o n  
Frequency 

S-Band 

S- Band 

S- Band 

S- Band 

S-Band 0 

S-Band @ 

S-Band @ 

S-Band a 

S o r  X Band 

S o r  X Band 

S o r  X Band 

Channel Configuration 

Contents  

Launch 
Engineering 

Launch 
Engineering 

C r u i s e  
Engineering 

T C M  @ 
Enginee ring 

Encounter  
Engineering 

FDS M e m o r y  
Data 

CCS M e m o r y  
Data 

AACS Memory 
Data & AACS 
T e l e m e t r y  

FDS M e m o r y  
Data 

CCS M e m o r y  
Data 

AACS M e m o r y  
Data & Non- 
AACS T e l e m e t r y  



3 . 8 . 1 . 6 . 1  High R a t e  M e m o r y  Readout  (1200 bps) .  In the high r a t e  m e m o r y  - 
readou t  mode  AACS m e m o r y  d a t a  sha l l  a p p e a r  in 1 8  posi t ions  on the  
100 deck  of the  engineer ing commuta to r .  E a c h  m i n o r  f r a m e  sha l l  
conta in  the AACS m e m o r y  a d d r e s s  of the da ta  word tha t  follows plus  
four  addit ional  da ta  w o r d s .  The remaining locat ions  in  the engineer-  
ing commuta to r  s h a l l  contain n o r m a l  engineer ing data .  

3. 8 . 1 . 6 . 2  Low Rate  M e m o r y  Readout  (40 and 10 bpsl .  In the low r a t e  m e m o r y  
readou t  mode  n o r m a l  AACS t e l e m e t r y  da ta  sha l l  a p p e a r  i n  25 posi -  
t ions  on t h e  100 deck.  Al l  rernaining-posi t ions  n o r m a l l y  a l located  t o  
non-AACS t e l e m e t r y  (with the  exception of t h e  64 bi t  h e a d e r )  s h a l l  
conta in  AACS m e m o r y  readout  data.  

3.8.2 C r u i s e  ( P r e - S a t u r n  Encounte r )  

G e n e r a l  sc ience  and engineer ing da ta  sha l l  be acqu i red  and t r a n s -  
mi t ted  a t  S-band via  the high r a t e  channel  dur ing c r u i s e .  The r a t e s  
avai lable  f o r  c r u i s e  sha l l  be 2560, 1280, 640, 320, 160,  and 80 bps. 
The  r a t e  in u s e  a t  any  t i m e  wi l l  depend on the prevai l ing  t e lecommu-  
nica t ions  link capabil i ty.  The a l locat ion of da ta  r a t e  f o r  a l l  c r u i s e  
m o d e s  sha l l  be a s  specif ied in  Tab le  2. C r u i s e  f o r m a t s  sha l l  be a s  
specif ied in MJS77-3-280. A s u m m a r y  of the c r u i s e  t e l e m e t r y  
m o d e s  avai lable  is shown in  Tab le  3. 

Table  2. C r u i s e  Data Ra te  Allocations 

.I, 1- 

Note: Al locat ions  shown a r e  only represen ta t ive .  F i n a l  r a t e s  and 
a l locat ions  are TBD. 

10 

I n s t r u m e n t  
Rate  (bps )  

CRS 

P R A  

PWS 

L E C P  

P P S  

PLS 

UVS 

MAG 

Engineer ing 
Rate  (bps )  

H e a d e r  
Rate  (bps )  

Channel  Ra te  (bps )  

160 

3 1 ::: 

32::: 

2::: 

16::: 

5::: 

16::: 

3::: 

4 7::: 

10 

6 - 2 / 3  

2560 

2 6 0 ::: 

266-21 3s  

3 2 ::: 

1 2 8 ::: 

3 0 ::: 

20 3::: 

4 8 ::: 

1 2 0 0 ::: 

40 

106-2/ 3 

80 

20 

1-2/ 3 

1 -5 /12  

1 6 - 2 / 3  

1/ 2 

1 6 - 2 / 3  

2-2/ 9 

5-151 16 

10 

3 -1 /3  

320 

6 2 ::: 

65::: 

4 ::: 

3 2 ::: 

1 ::: 

3 2 ::: 

6 ::: 

94::: 

1 0  

1 3 - 1 / 3  

1280 

250::: 

266-2/ 3::: 

3 2 ::: 

6 4 ::: 

3 0 ::: 

3 2 ::: 

4 8 ::: 

450::: 

40  

5 3 - 1 / 3  

640 

125::: 

1 3 1 :;: 

1 6 ::: 

64::: 

2 ::: 

3 2 :;: 

2 4 ::: 

1 88::: 

10  

26-2 /3  



Table 3. Cruise  Telemetry Modes 

NOTE: @ Mode intended f o r  p0.t-Saturn operation.. Format .  a n d  .oftware will not b e  developed until extended mls.Ion approva l  i s  given. 

CR-2 

CR-3  

CR-4 

CR-5  

CB-6 

CR-7 

"X" in MSB position of format  deoignatot word is 
replaced by a  "1" fo r  S I C  FLT-1 o r  a  "0" for  
SIC FLT-2. 

C r u i s e  Science 
a n d  E n g ~ n e e r i n g  

C r u i s e  Sc ience  
and  Engineerinp 

C r u i s e  Sc ience  
a n d  Engtneering 

C r u i s e  Science 
a n d  Ensineering 

C r u i s e  Science 
and  Ene inee r ing  

Cru i se  Sc ience  

Off 

Off 

Off 

Off 

Off 

Off 

C R - 8 @  

CR-9 @ 

Olf 

Off 

and Engineering 

C r u i s e  Science 
and Engineering 

C r u i s e  Science 
and  Engineering 

N I A  

N I A  

N I A  

N I A  

N I A  

N  / A  

N l A  

N / A  

N I A  

N I A  

N l A  

N  / A  

N I A  ' 

N I A  

N  / A  

N I A  

On 

On 

o n  

On 

On 

On 

On 

Oa 

S-Rand 

S- Band 

S- Band 

S- Band 

S- &nd 

S- Band 

d!  and 

S- Band 

Cru taa  Science 
a n d  Enyineerlng 

C r u ~ . e S c i e n c e  
a18.I Engineering 

r e  S i n c e  
and Enyineering 

Crtairr. Science 
and  Enyineering 

Crut.e Sc ience  
and Enyineerlng 

C r s t ~ s e  Sc ience  
an,: t .ngineering 

Crulr r  S c ~ e n c e  
atbrl Enginee rIna 

Crartar Sc ience  
and  Engineering 

l28O 

640  

320 

160 

8 0  

40 

LO 

1 0  

XOlOOOOl 

XOlOOOlO 

X0100011 

XOlOOlOO 

XOlOOlOl 

XOlOOllO 

XOlOOll1 

XO101000 

Off 

011 

Off 

Ofj 

Off 

O U  

Off 

Off 

N I A  

N I A  

N I A  

N I A  

N I A  

N I A  

N l A  

N I A  

N I A  

N I A  

N I A  

N I A  

N I A  

N I A  

N I A  

N I A  

N / A  

N I A  

N I A  

N I A  

N I A  

N I A  

N I A  

N I A  



3. 8. 3 C r u i s e  ( P o s t - S a t u r n  Encounte r )  

The capabil i ty shal l  e x i s t  to i m p l e m e n t  pos t -Saturn  c r u i s e  m o d e s  a t  
r a t e s  of 40, 20, and 10 bps o v e r  the high r a t e  channel .  F o r m a t s  
and a l loca t ions  f o r  t h e s e  m o d e s  s h a l l  not be developed unti l  extended 
m i s s i o n  a p p r o v a l  i s  given. 

3 . 8 . 4  G e n e r a l  Science  Maneuver  Mode 

During g e n e r a l  sc ience  r o l l  and yaw m a n e u v e r s ,  g e n e r a l  sc ience  
and engineer ing d a t a  s h a l l  be acqu i red  a t  3 . 6  kbps,  Golay coded to 
7 .2  kbps and r e c o r d e d  on the  MM's  tape  r e c o r d e r .  The f o r m a t  in 
u s e  sha l l  be the n o r m a l  encounter  g e n e r a l  sc ience  and engineer ing 
f o r m a t  a s  specif ied in  MJS77-3-280. Subsequent  to the  complet ion 
of the m a n e u v e r ,  th i s  d a t a  s h a l l  be played back via  the high r a t e  
channel ,  R e a l - t i m e ,  Golay coded g e n e r a l  s c i e n c e  and engineer ing 
d a t a  a t  7 .2  kbps (us ing the n o r m a l  encounter  g e n e r a l  sc ience  and 
engineer ing f o r m a t )  m a y  be t r a n s m i t t e d  concur ren t ly  with sc ience  
m a n e u v e r  playback d a t a  if the channel  r a t e  employed is 6 7 . 2 ,  
44 .8  kbps o r  29,866-213 bps. 

3 .  8. 5 Encounte r  Modes  

3. 8. 5. 1 Genera l .  Dur ing p lane ta ry  encoun te r  p e r i o d s  it sha l l  be poss ib le  to  -- 
t r a n s m i t  a n y  of the  following d a t a  s e t s  o v e r  the high r a t e  channel: 

a )  Real -  t i m e  g e n e r a l  sc ience  and engineer ing,  

b) Real -  t i m e  g e n e r a l  sc ience ,  engineer ing,  and imaging.  

c )  Rea l - t ime  g e n e r a l  sc ience  and engineer ing,  t ime-mul t ip lexed 
with playback data .  

d) P layback  d a t a  only. 

I t  sha l l  a l s o  be poss ib le  to: 

a )  Simul taneously  t r a n s m i t  and r e c o r d  11 5 . 2  kbps g e n e r a l  
s c i e n c e ,  engineer ing,  and imaging d a t a  o r  

b) Record  11 5 . 2  kbps g e n e r a l  s c i e n c e ,  engineer ing,  and imaging 
da ta  while t r ansmi t t ing  the Golay coded g e n e r a l  sc ience  and 
engineer ing por t ion a t  7 .  2 kbps. 

During encounter  m o d e s  when the high r a t e  channel  is opera t ing a t  
X-band, the low r a t e  channel  sha l l  conta in  engineer ing only d a t a  a t  
40 bps t r a n s m i t t e d  a t  S-band. The f o r m a t s  f o r  the engineer ing da ta  
a t  S-band and imbedded engineer ing da ta  a t  X- band shal l  be identical .  
All  encounter  mode  f o r m a t s  sha l l  be a s  specif ied in  MJS77-3-280. 

-- 
A s u m m a r y  of a l l  encounter  m o d e s  avai lable  i s  shown in T a b l e s  4 
and 5. 



** Table 4. Encounter General Science Telemetry  Modes 

Note.: @ Actual C S k E  data rate i s  3.600 bps which is Golay coded to 7. LOO bps. 

@ Actual GSkE data rate. Colay coding i s  not employed in this  mode. 

(Q High rate channel data i s  a l so  routed to the tape recorder  for optionrl recording. 

@ This r i l l  consist  of whatever data has been previously put on the recorder .  
Currently the possibilities a r e  Standard Encounter GSkE. Special Occultation CSkE. 
Standard Encounter CS&E + Imaging, o r  high rate engineering acquired during TCM's. 

@ This i s  uninterrupted up p l a y b c k  data. The transmission format i s  that r h i c h  was recorded 

@ tor r a t e  ch.nad .ad  ht#h r a t e  dunud t e lemet ry  moddat ion  rill normally be 
' removed f r o m  the RFS interface in ( h i m  mode. 

Mode 

GS- 1 

CS-2 

@ 
CS-3 

CS-4 

OC-1 

PB-I 

PB-2 

PB-3 

PB-4 

PB-5 

@ t o w  rate c l u u u d  data r a t e  ie .l.nym 40 bpm. 

Function 

Standard 
Encounter 
CSkE 

Standard 
Encounter 
GSkE t 
Special 
PRA 

Standard 
Occultation 

Standard 
Encounter 
GSkE + 
Special 
PWS 

Special 
Occultation 

Playback + 
Standard 
Encounter 
GS& E 

Playback + 
Standard 
Encounter 
GSLE 

Playback + 
Standard 
Encounter 
CSkE 

Playback 
only 

Playback 
only 

Q) "X" in  MSB position of f o r n u t  designator word i s  r e p k c e d  by a "1" for SIC F L T - I  o r  a 
"0" for  SIC FLT-2. 

Low Rate 

S t a t u p  

On 

On 

On 

On 

On 

On 

On 

On 

On 

On 

Off 

Off 

Record 

Off 

See 
~~t~ @ 

Playback 

Playback 

Playback 

Playback 

Playback 

Configuration 

NIA 

NIA 

7.200 

0 

N/A 

Q 
7,200 

57,600 

33,600 

21.600 

21,600 

7. 200 

Format  
Des igna toh  

XOlOlOOl 

XOl 10001 

XOlOlOlO 

XOlOlOll 

X O I O I I O O  

XlOOlllO 

XlOOllOl 

XI001 100 

Variable 

Variable 

Tape Rerordcr  

RecordIPlayback 
Contents 

N /A 

NlA 

Standard Encounter 
GSkE 

NIA 

See Note Q 

See Note @ 

See Note @ 

See Note @ 

See Note @ & @ 

See Note @ & @ 

Channel 

Contents 

Encounter 
Engineering 

Encounter 
!h#ineering 

Encounter 
Engineering 

Encounter 
Engineer iw 

Encounter 
Engineering 

Encounter 
Engineering 

Encounter 
Engineering 

Encounter 
Engineering 

Encounter 
Engineering 

Encounter 
Engineering 

J 

Format  @ 
Designator 

NIA 

NIA , 

XlOOlOlO 

S I A  

X I O O I  100 

Variable 

Variable 

Variable 

Variable 

Variable 

Configuration 

Desi&ytor 

XOOOlOlO 

XOOOlOlO 

XOOOlOlO 

XOOOlOlO 

X O O O ~ O ~ O  

XOOOlOlO 

XOOOl 010 

XOOOlOlO 

XOOOlOlO 

XOOOlOlO 

Status 

On 

On 

On 

On 

On 

On 

On 

On 

On 

On 

Channel 

Contents 

Standard 
Encounter 
CS&E 

Standard 
Encounter 
CSkE + 
Special 
PRA 

Standard 
Encounter 
CS&E 

Standard 
Encounter 
CSkE t 
Special 
PWS 

Special 
Occultation 
GS&E 

Playback t 
Standard 
Encounter 
GS& F- 

Playback + 
Standard 
Encounter 
GS&E 

Playback + 
Standard 
Encounter 
GS& E 

Playback 
Only 

Playback 
Only 

Hiah Rate 

T r n  

X-Band 

X-Band 

X- Band 

X- Band 

X-Band 

X-Band 

X- Band 

X-Band 

X- Band 

X- Band 

Configuration 

Rate 
(bps) 

0 
7.200 

115.200 

@ 
7,200 

115.200 

@ 
i .  ZOO 

67.200 

44.800 

29.866-213 

21.600 

7.200 



3f. .Jf. Table 5. Encounte r  Imaging Modes  

Ful l  Resolution Fu l l  R e s o l u t ~ o n  

+ 

On ) ~ ~ ~ ~ ~ ~ ~ ~ x O O O 1 O 1 O  1 On 1 .-Band + / 1 1 5 2 0 0  0 1 1 1  1 Off I .!A j \ A  / - / A  j 
counter  GSkE counter  GSRF 

1 1 I I I I I I I I 
Standard En- I --+---+I 

Mode 

E Z d Z E  + I on I .nc0unter 1 xoooloio 1 0. 1 I Full Reso lu t~un  
X- Band Encounter  / 7 , 2 0 0  I X l O l l l l O  1 Record / l m a g ~ n g  + 

Engineering GS& E Standard En- 
counter  GShE 

Function 

Low Ra te  Channel Configurat ion 

Statu. 

IM- 

IM-4 

High Rate Channel Configurat ion 

L 

s 

IU-6 

@ 
Content? Status 

Tape Recorde r  C o n f ~ p , l r a t ~ o n  

Record & T r a n  
T r a n s m i t  Fu l l  
Remolut~on 
Ihug ing  + 
Standard En- 
coun t s r  GSkE 

Standard En- 
coun te r  GSkE + 
Bull Resolution 
314 Edited 
I m a l i n l  

F o r m a t  
F requency  

Status 

- - 

Standard En- 
countor  GSkE + 
a: 1 Slow Scan 
l m - h  

Standard En- 
countar  Q k E  + 
112 Edited 

, I m 4 i n l  

IM-7 

I"-' 

Tranmrnlsslon 

On 

On 

On 

Standard En- 
countor GSkE + 
3: 1 Slow Scan 
Imaginn 

IM-9 

. 

Q) Low r a t e  c h n n e l  data  r a t e  i s  a lways 40 bps. 

(bps )  

On 

On 

- - 
Standard En- 
counter  C S h E  + 
I 1 3  Editod 

IH-10 

@ "X" in MSB p a i t i o n  of fo rmat  designator  word i. r e p k c a d  by "1" f o r  S / C  F L T - 1  o r  a 
"0" for  S I C  #'LT-2. Bit position 3, counting f r o m  USB. is a "0" when val id imaging data  i s  t r ansmi t t ed  
in t h e  f r a m e  of a "1" when invalid imaging data  i s  t r ansmi t t ed .  

Contents  t orrnat  
Record1  
Playback 

Encounter  
Englneerlng 

Encounter  
E n g i n e e r ~ n g  

Encounter  
Engineering 

Imaging 

Standard En- 
countor  GSkE + 
Edited 3: 1 Slow 
Scan I m y i n s  

St.d.rd En- 

Designata 
Rate 

En toun te r  
Eng inae r iw  

Encounter  
En l inee r ing  

On 

c-r CSkE + 
115 E d i t 4  
Irnagily 

Rate 

XOOOlOlO 

XOOOlOlO 

X0001010 

On 

F o r m a t  
Contents  

XOOOl 010 

X o o o l o l o  

Encounter  
Engineerinp. 

On 

D e s ~ g n a t o  

On 

On 

On 

Encounter 
Engineering 

On 

On 

X0001010 

Encounter 
Engineering 

X - B a n d  

X-Band 

x-B."~ 

x000 lOlo  

X-Band 

x - B ~ ~ ~  

On 

XOOOlOlo 

Full  Resolution 
Imaging t 
Standard En- 
counter GSIE 

Standard En- 
counter  GS&E + 
Full Rcsolutlon 
3 / 4  E d ~ t e d  
Irnaglng 

Standard En- 
GS&E + 

3: 1 Slow Scan 
Imaging 

On 

Standard En- 
counter  GS&E t 
&, Slow Scan 
Imap ing 

Standard En- 
GSkE 

1 /2  Edited 
, Imaging 

X-Band 

On 

115 200 

89 600 

44,  800 

X-Band 

. - 

Standard En- 
'Ounter GS&E + 

1 / 3  Edited 

X-Band 

XlOl l lOl  

XlOlllOO 

1 

XlOllOOl 

Imaging 

Standard E n -  
counter GSLE + 

Edited 3:l Slow 
Scan Imaging 

Standard En- 

ixnagrng t 

1 
A 1 \ / A  1 \ A  

I I 

Off 

Off 

67.200 

6 7 , 2 0 0  

44. 800 

counter  GS&E + 
Ed,ted 

Irnaglng 

X l O l l O l l  

XlOllOlO 

Off 

29,866-213 

N!A 

KIA 

XlOllOOO 

29.866-213 

NIA 

XlOlOl l l  

1 /A 

X ,  A 

Off 

XlOlOllO 

Y!A 

h IA 

1 

N! A 

KIA NIA / h / A  I--+-I 
Off 

\ / A  

NIA 

Off NIA NI A NIA 



** Table  5. Encounter  Imaging Modes (Contd) 

a Lor r a t .  ch.anal data rat* i m  dm).. 4 0  bp.. 
C 

Cn @ "X" i n  MSB posi t ion of fo rmat  d e s i y t o r  word is rep laced  by "1" f o r  S I C  F L T - 1  o r  a 
"0" fo r  S I C  FLT-2. Bit pornition 3. counting f r o m  MSB. irn a "0" when val id imaging 
d ~ t .  is t r ansmi t t ed  i n  t h e  f r a m e  o r  a "1" &en inval id i n u g i n g  d a t ~  i s  t r ansmi t t ed .  

Tape Recorde r  C o n f i y o r a t ~ o n  

Mode 

IM-11 

IM-12 

IM-13 

IM-I4 

Function 

Standard En- 
counter  GSkE + 
5: 1 Slow Scan 
lnug ing  

S t ~ n d a r d  En- 
counter  GSL E + 
112 Edited. 
5: 1 Slow Scan 
Imaging 

S u n d a r d  En- 
counter  GSkE + 
10: 1 S lov  Scan 
I m a ~ i n g  

Standard En- 
counter  GSkE + 
1 /10  EdItad 
Itnagin# 

F o r m a t  
D e s ~ p n a t . , r  

S I A  

S I A  I 
1 
I 

S I A  ' 

I 
S I A  

L o v  Ra te  Channel C o n f i ~ u r a t i o n  

Hate 

S . ' A  

S / A  

S I A  

K I A  

Status 

Off 

Of f  

Off  

Off  

High Rate Channel Conf tyura t~on  

Record1 
Playback 
Contents  

S  / A  

S I A  

S  / A  

S  / A  

F o r m a t  

XOOOlOlO 

XOOOlOlO 

XOOOlOlO 

XOOOlOlO 

Sutum 

On 

On 

On 

On 

F o r m a t  
D r s r g n a t o f ~  

XlO1OlOl 

XlOlOlOO 

XlOl0011 

XlOlOOlO 

(D 
Contents  

Encounter  
Engineering 

Encounter  
Engineering 

Encounter  
E n ~ i n e e r i n g  

Encounter  
E n g i n e e r i q  

Status 

On 

On 

On 

On 

Rate 
(bps1 

29. Llh( , -Z/3 

14 .200  

19. 200 

19 .200  

Tranrnmisrn~on 
Frequency 

X-Rand 

X-Band 

X-Band 

X-Band 

Contents  

Standard Fn- 
counter  GSkF + 

5: 1 Slow Scan 
Imaplnp 

Standard Fn- 
counter  GS&F + 

112 Ed l t rd .  
5.1 Slow Scan 
I m a ~ i n p  

Standard En -  
counter  GSL t' - 
10:l Slow Scan 
Imaplnp 

Standard E n -  
counter  GSLF t 
1 /10  Edited 
Imaging 



3 . 8 .  5.2 Genera l  Science  and Engineer ing Encounter  Modes 

3 .  8. 5. 2 . 1  Standard G e n e r a l  Science  and Engineer ing Encounte r  Mode. The 
f o r m a t  assoc ia ted  with the s t andard  g e n e r a l  sc ience  and engineer ing 
encounter  mode  wil l  be used dur ing the m a j o r i t y  of the encounter  
phase .  In th i s  mode  g e n e r a l  sc ience  and engineer ing da ta  shal l  be 
acquired  a t  3 . 6  kbps,  Golay coded to 7. 2 kbps and t r ansmi t t ed  in 
r e a l - t i m e ,  r e c o r d e d  on the  DSS, o r  both. The bi t  r a t e  a l locat ions  
f o r  th i s  mode  sha l l  be a s  specif ied in Table  6. 

3. 8. 5. 2. 2 Specia l  Occultat ion Mode. A s p e c i a l  occultat ion mode  sha l l  be 
avai lable  to accommodate  s h o r t - t e r m  higher  da ta  r a t e  r e q u e s t s  f o r  
the UVS and P P S .  In th i s  m o d e  the FDS-shall g e n e r a t e  a ;on-Golay 
coded 7. 2 kbps occultat ion f o r m a t  which i s  routed to  both the MDS 
and DSS. Recording of the spec ia l  occultat ion da ta  i s  t h e r e f o r e  
optional.  The bit r a t e  a l locat ions  f o r  the spec ia l  occultat ion mode  
shal l  be a s  specif ied in  Table  6.  Imaging da ta  acquis i t ion  sha l l  be 
prohibited a t  a l l  t i m e s  when the spec ia l  occultat ion mode  i s  in effect .  

3 . 8 .  5 . 2 . 3  Specia l  P R A  Snapshot  Mode. The FDS sha l l  provide  a spec ia l  mode 
to  accommodate  s h o r t  t e r m  P R A  high d a t a  r a t e  r e q u i r e m e n t s .  In 
th i s  mode  imaging pixel  d a t a  sha l l  be rep laced  by non-Golay coded 
P R A  da ta .  The s tandard  g e n e r a l  sc ience  and engineer ing encounter  
f o r m a t  (GS- 1 )  sha l l  be genera ted  concur ren t ly  and t i m e  mult iplexed -- 
with the  P R A  d a t a  to f o r m  a compos i t e  11 5. 2 kbps da ta  s t r e a m .  
The s t a t u s  por t ion  of the P R A  d a t a  field i n  the imbedded GS-1 f o r m a t  
sha l l  be updated a t  the n o r m a l  6 s r a t e .  The r e m a i n d e r  of the P R A  
da ta  field sha l l  r e p r e s e n t  a r e - r e a d o u t  of the l a s t  s c a n  p r i o r  to  

* enter ing t h i s  mode.  B i t  r a t e  a l locat ions  f o r  t h i s  mode  sha l l  be a s  
specif ied in  Tab le  6 .  

?ft 3. 8.  5. 2 . 4  Specia l  PWS Snapshot  Mode. The FDS s h a l l  provide  a spec ia l  mode  
to  accommodate  s h o r t - t e r m  PWS high d a t a  r a t e  r e q u i r e m e n t s .  In 
th i s  m o d e  imaging pixel  d a t a  sha l l  be rep laced  by non-Golay coded 
PWS data .  The s t andard  g e n e r a l  sc ience  and engineer ing encounter  
f o r m a t  (GS- 1)  sha l l  be genera ted  c o n c u r r e n t l y  and t i m e  mult iplexed 
with the PWS da ta  to  f o r m  a compos i t e  11 5. 2 kbps d a t a  stream. The 
PWS da ta  in  the imbedded GS-1 f o r m a t  sha l l  not  be changed.  B i t  
r a t e  a l loca t ions  f o r  t h i s  mode  sha l l  be a s  specif ied in  Tab le  6. 

3 . 8 .  5 .  2 .  5 Specia l  L E C P  N e a r  Encounte r  Mode. A s p e c i a l  m o d e  sha l l  be 
avai lable  f o r  the  L E C P  dur ing  the p lane ta ry  n e a r  encounter  phase  
(-- E *3 d a y s ) .  The -bit r a t e  a l locat ion f o r  the  L E C P  dur ing th i s  
m o d e  sha l l  r e m a i n  at 600 bps ,  however  the  re la t ive  p ropor t ion  of 
L E C P  RATE and PHA d a t a  s h a l l  change.  De ta i l s  concerning th i s  
mode  sha l l  be a s  speci f ied  i n  p a r a g r a p h  5. 5. 8 of th i s  document.  



+ Table  6. Encounter  Gene ra l  Science Data Ra te  Allocations 

:::Only s t a t u s  por t ion of imbedded PRA da ta  is updated at n o r m a l  6 s ra te .  
Remainder  of imbedded PRA data  f ield r e p r e s e n t s  r e - r eadou t  of the 
s c a n  p r i o r  to  en te r ing  GS-2. 

:k:::PWS analog s t ep  f requency data.  

Specia l  
PWS 

( GS- 4) 

260 

266-213 

3 2:g:k 

600 

40  

32 

333-113 

750 

1, 120 

106-213 

40 

16 

3-113 

266-213 

1, 066-213 

N /A  

106, 666-213 

115, 200 

Te l eme t ry  Standard 
Mode Encounter  

Specia l  
Occultat ion 
(OC- 1) 

260 

266-213 

32 

6 00 

1, 046-213 

3 2 

4, 000 

750 

40 

106-213 

40 

16 

10 

NI A 

N / A  

N/A 

N/ A 

7, 200 

Allocation (bps )  

CRS 

PRA 

PWS 

L E C P  

P P S  

P L S  

UVS 

MAG 

IRIS 

Overhead (Imbedded 
GS- 1) 

Imbedded 
Engineer ing 

Specia l  Sta tus  

F i l l e r  

ISS Sta tus  1 Eng r 

Overhead (GS -2  ) 

High Rate  PRA 

High Ra te  PWS 

Total  

Spe cia1 
P R A  

(GS-2) 

260 

266-213::: 

32 

600 

40 

32 

333- 113 

750 

1 , 1 2 0  

106-213 

40  

16 

3- 113 

266-213 

1, 066-213 

106, 666-213 

N/ A 

115, 200 

(GS- 1 )  

26 0 

266-213 

32 

600 

40 

32 

333-113 

75 0 

1, 120 

106- 2 / 3 

40 

16 

3-113 

N I A  

N/ A 

N/A 

N/ A 

3, 600 



* 3. 8. 5. 3 G e n e r a l  Science ,  Engineer ing,  and Imaging Modes.  The FDS sha l l  
be capable  of genera t ing  the m o d e s  shown in  Tab le  5 f o r  the  s imul-  
t aneous  acquis i t ion  of g e n e r a l  sc ience ,  engineer ing,  and imaging 
data .  Software r e s o u r c e  l imi ta t ions  wil l  p reven t  a l l  m o d e s  shown 
i n  Table  5 f r o m  being developed.  Exact ly  which to ta l  subse t  of 
m o d e s  a r e  f inal ly implemented wi l l  depend upon fu tu re  m i s s i o n  
planning ac t iv i t i e s  and f i r m e r  e s t i m a t e s  of t e l ecommunica t ions  l ink 
p e r f o r m a n c e .  The  g e n e r a l  sc ience  and engineer ing da ta  acquis i t ion  
r a t e  f o r  a l l  imaging m o d e s  sha l l  be 3 . 6  kbps. G e n e r a l  sc ience  and 
engineer ing da ta  s h a l l  be Golay coded to 7. 2 kbps and r e s t r i c t e d  to  
the  GS-1 f o r m a t  when opera t ing in  a l l  imaging modes .  

3. 8. 5 . 4  G e n e r a l  Science ,  Engineer ing and P layback  Modes.  In these  m o d e s  
r e a l - t i m e  g e n e r a l  s c i e n c e  and engineer ing d a t a  sha l l  be t i m e  mul t i -  
plexed wi th  p layback d a t a  and t ransmit ted-over  the  high r a t e  
channel .  The  f o r m a t  assoc ia ted  with the  r e a l -  t i m e  g e n e r a l  sc ience  
and engineer ing d a t a  s h a l l  be tha t  of the  s t andard  encounter  mode.  
Channel  t r a n s m i s s i o n  r a t e s  f o r  t h e s e  m o d e s  s h a l l  be 67 .2  kbps,  
44.8 kbps, o r  29.866-213 bps with cor respond ing  DSS playback 
r a t e s  of 57.6, - 33.6 ,  o r  21.6 kbps respect ively .  

$ 3. 8. 5. 5 P layback  Only Modes .  In these  m o d e s  p layback d a t a  only sha l l  be 
t r ansmi t t ed  o v e r  the  high r a t e  channel  a t  21 .6  o r  7.2 kbps. Real -  
t i m e  engineer ing d a t a  at  40 bps shal l  be t r a n s m i t t e d  o v e r  the low 
r a t e  channel.  



COMMAND REQUIREMENTS 

Genera l  

Ground commands a r e  requi red  t o  c a r r y  out flight sequences  and 
counter unexpected events.  T h e s e  commands will  be i s sued  in  a 
p rede te rmined  t iming sequence via onboard p r o g r a m  control  o r  a s  
rece ived  f r o m  the  ground. During the  cou r se  of the miss ion,  the  
ma jo r i t y  of commands uti l ized by the  spacecraf t  subsys tems  will 
be  i s sued  by the  CCS i n  its r o l e  a s  sequencer  of events  and the  FDS 
in  i t s  role  of controlling sc ience  ins t ruments .  Ground commands  
a r e  used  to  p r o g r a m  the CCS, FDS, and AACS m e m o r i e s  and to  
back up onboard sequenced events.  

T h e  MJS77 S / C  sha l l  contain equipment t o  p e r f o r m  the command 
functions a s  defined in Section 1 .  0 of t h i s  document. The  individual 
subsys tem ro l e s  in performing the  command functions shal l  be a s  
specified in  MJS77-3-100 and MJS77-3-300. F i g u r e  2 shows the  
functional organization of those  e lements  compris ing the  MJS77 
S IC  Command System.  

4.2 Command Tvpes 

4 .2 .1  Computer  Command Subsys tem 

T h e r e  sha l l  be  t h r e e  types  of commands assoc ia ted  with the  CCS: 
D i s c r e t e  Commands (DC), Coded Commands (CC),  and P r o c e s s o r  
Commands (PC).  Each  type sha l l  u s e  the  97-bit command word 
fo rma t  a s  specified in paragraph  4.6. 1 of th is  document. T h e  DC 
and CC commands sha l l  be used to  se lec t  and control  subsys t ems  
o ther  than the  CCS. P C  s a r e  used only t o  p r o g r a m  and control  the 
CCS, FDS, and AACS. 

4.2.  1 .1  D i sc re t e  Command (DC). T h i s  type of command shal l  be  decoded 
by the  CCS and r e su l t  in  a CCS output unit d i s c r e t e  switch c losure  
t o  a u s e r  subsystem.  A DC can be i s sued  under CCS p r o g r a m  con- 
t r o l  o r  upon rece ip t  of a ground command word. Al l  DCs together  
with CCS bit ass ignments  for  a l l  DC opera tor  and accumulator  words  
sha l l  be a s  specified in MJS77-3-290, Command S t ruc tu re  and 
Assignments .  

4.2. 1.2 Coded Command (CC). Th i s  type of command sha l l  be  par t ia l ly  
decoded by the  CCS and then t r a n s f e r r e d  a s  a s e r i a l  14-bit  word t o  
t he  selected u s e r  subsys tem for fu r ther  decoding. A CC can be 
i s sued  e i ther  under CCS p r o g r a m  control  o r  upon rece ip t  of a ground 
command word. Al l  CCs  together  with CCS bit  ass ignments  for  a l l  
CC opera tor  and accumulator  words  sha l l  be  a s  specified in 
MJS77-3-290. Subsystem receiving CCs  shal l  be t he  FDS, AACS, 
DSS, MDS, and P W R .  The  gene ra l  f o rma t  fo r  a l l  coded commands 
t o  u s e r  subsys tems  i s  shown below. 

USER BIT NUMBER (BIT ONE RECEIVED FIRST) 

TO USER 
SUBSYSTEM 

PARITY BIT ADJUSTED FOR . 
ODD PARITY O N  611s 3 
THROUGH 14 

THlS BIT IS "0" FOR ALL USERS EXCEPT AACS. 
FOR AACS THlS BIT IS A "1" IF BITS 3-14 
CONTAIN A N  ADDRESS A N D  "0" OTHERWISE. 



F i g u r e  2 .  F u n c t i o n a l  Block D i a g r a m ,  C o m m a n d  System 

i 

SXA - I RFS 
I MDS I - I ccs - I USER - 

I 
I ) SUBSYSTEMS 

I 
I I 
I I I 

HGA i I I I 

CDU A 

I 

I 

I 
r 

- I -  

I 
I --r 
I 
I 

OUTPUT 1 RWRI 

I 

r 

7- 

I 

PROCESSOR 
A 

I 
, ! - 

- ; ::I I 
I * 

SWITCH 
I CLOSURES 

OR 
I COMMAND 
I BITS 

I 
I 
I 

I 
IW >i l  L RCVR2 ?: 

I 
I 

I 
1 ,  PROCESSOR 

I 

I 
LGA 

I 
I 
I I I 

I I I I 

OUTPUT 2 r 
I B 
I 

CDU B I 
I I 



4 . 2 . 1 . 3  P r o c e s s o r  Command (PC) .  Th i s  type of command sha l l  be used to 
con t ro l  and p r o g r a m  the  CCS, FDS, and AACS. T h e r e  a r e  seven 
types of P C s  a s  l i s ted below. CCS bi t  a s s ignmen t s  fo r  P C  ope ra to r  
words  shal l  be a s  specified in  MJS77-3-290. P C  accumula tor  words  
shal l  be a s  descr ibed  in  pa rag raph  4 .7 .2 .3  of th i s  document.  

a )  BLOCK. 

1)  P r o g r a m  execute. 

2) Conditional p r o g r a m  execute.  

3) CCS m e m o r y  load. 

4) FDS m e m o r y  sof tware  load. 

5) FDS m e m o r y  ha rdware  load. 

6)  AACS m e m o r y  load. 

b) STORE (STW). 

C) STORE INDIRECT (STW*). 

d )  INTERNAL EXECUTE (IEX). 

e )  EXECUTE (XEC) ,  

f )  TRANSFER ( TRA). 

g) RETURN (RET) .  

F l igh t  Data Subsystem . 

The FDS sha l l  be capable of i ssuing t h r e e  types  of commands  to the 
sc ience  i n s t rumen t s  - d i s c r e t e  commands ,  s e r i a l  commands ,  and 
leve l  commands .  Commands sha l l  be i s sued  to i n s t rumen t s  a t  
r egu l a r  in te rva l s  based upon t ab l e s  s t o r ed  in  FDS memory .  A 
command change to a n  i n s t rumen t  is m a d e  by modifying the appro-  
p r i a t e  FDS m e m o r y  word f r o m  the CCS o r  the ground. The next  
t ime  the FDS p r o g r a m  a c c e s s e s  tha t  word;  the updated command 
informat ion i s  t r ansmi t ted  to the ins t rument .  

4 . 2 . 2 . 1  D i sc r e t e  Commands.  D i sc r e t e  cornmands sha l l  cons i s t  of pu l ses  
which will  be used a s  r e s e t s ,  to s t ep  mul t ip lexers ,  sample  ADC's,  
o r  any o ther  appropr ia te  function. 

4 . 2 . 2 . 2  S e r i a l  Commands.  S e r i a l  commands  to  i n s t rumen t s  shal l  be 
l imi ted to a max imum length of 12 bits. These  commands  shal l  be 
decoded by the u s e r  ins t rument  to affect  requ i red  mode  changes.  
S e r i a l  commands  sha l l  conform to the  bit  pa t t e rn  s t r u c t u r e s  a s  
specified in  MJS77-3-290. 



Level Commands. Level  commands shall  cons is t  of bi-level 
command lines which a r e  s e t  high o r  low depending on the contents 
of the appropria te  FDS memory  control  word,  

Toggle Commands 

The use of toggle commands (i. e. , commands which alternately 
switch f rom sta te  A to  s ta te  B on the f i r s t  command pulse,  and 
then f rom sta te  B to s ta te  A on the next command pulse,  e t c . )  
shal l  be express ly  prohibited. 

Power Switching Commands 

Commands for  accomplishing power switching f o r  ma jo r  subas sem-  
blies of other  miss ion  module subsystems shal l  be directed to the 
power subsystem. 

Tra jec tory  Correct ion Maneuver (TCM) Commands 

TCMs shal l  be under control  of the Computer Command Subsystem. 
This  includes providing the appropria te  commands to the AACS to: 

a )  Turn  the miss ion  module to position the th rus t  ax is  in the 
proper  orientation in  iner t ia l  space.  - 

b) Init iate the TCM th rus t e r  f i r ing period and te rmina te  af ter  
the th rus te r  f ir ing period has  expired a s  determined by CCS 
count, and 

c )  Return the miss ion  module to i t s  ce les t ia l  references .  

Ground command shal l  init iate the en t i re  maneuver  sequence. 
Ground command i s  available to abo r t  the sequence if the MM i s  in 
the c o r r e c t  position to receive ground commands.  

Command Bit  Rate 

The uplink command r a t e  t o  the MM sha l l  be 16 bps. 

Command Interfaces  

The connections between the CCS output units and each subsystem 
receiving commands sha l l  be a s  shown on F igure  3. 

Command Acquisition, Detection, and Decoding 

The command detector  unit (CDU) m u s t  be in-lock before command 
data  bits will  be sent  to the CCS. The acquisition sequence, 
descr ibed on F igure  4, is required to  attain detector  lock. The 
sequence i s  a t  l e a s t  65 command bit- t imes of subca r r i e r  only ( a t  A 

512 Hz) followed by a minimum of 2 5  bit- t imes of subca r r i e r  half- 
added with bit sync ( a t  16 Hz). A CDU lock indicator in te r rup t  will 



Figure 3. CCS C o m m a n d  Interfaces 

2 3  

CCS I CASE I RING CAD RFS 

I ' INPUT 1 - 

I I I I  

INPUT2 - 

CCS PWR 
I I I I 

OUTPUT 1 - 
I  I 

1 1 1  
I l l  

OUTPUT 2 
I I I  I 

I I 

CCS FDS 

I I I I  

1 - 

CCS PYRO 

I l l 1  

*DC 12E ONLY 

CCS 

DSS 

MDS 

1 1 1 1  

INPUTB - I 1 1 1  - 111- 
CCS AACS 

1 1 1 1  
OUTPUT 2 ! & I  I  I  

I -v 
CCS *PYRO 

I I I i 

OUTPUT 1 I INPUTA 
- 

1 1 1 1  

INPUTB - 
*DC 12A1 AND 12A2 ONLY 

CCS *PYRO 

INPUT A 

1 1 1 1 1  

I ,, I INPUT 1 - -  
OUTPUT 2 

I I I I  
I l l  INPUT2 

*+ 

OUTPUT 2 

- 
- 

' 

'*COMMAND FOR INPUT 2 SUPPLIED BY FDS - 

1 1 1 1  
I 7 

*ALL PYRO COMMANDS EXCEPT DC 12A1, 12A2, 12E 

INPUT B - 



1 1 BIT SYNC * 
I I 

CDU SUBCARRIER ACQUISITION 

rn T 
CDU BIT SYNC 
ACQUISITION 

7 ONE BIT-TIME (1/16 soc) 

SUMARRIER ONLY 

CDU' I 
IN-LOCK 

SUBCARRIER 

0 

4-1/16 wc - ~ b -  zs li;/;;se; 
65 BIT TIMES 

WIN.) (MIN.) -i 
ACQUISITION SEQUENCE - 4  

l h  BIT-TIME 
Oh12 rc) 

BIT SYNC I-' 
j (16 Hz) 

SUBCARRIER 
(512 Hz) 

BIT SYNC 

*DERIVED BY TRANSMISSION OF MANCHESTER ENCODED 
ZERO COMMAND BITS. 

Figure 4. Acquisition Sequence 

i 



a l e r t  the CCS to  in i t ia l ize  f o r  p r o c e s s i n g  command  d a t a  e a c h  t i m e  
t h e r e  is a change in  CDU lock s t a tus .  The  CCS d e c o d e s  the  d a t a  
b i t s  to d e t e c t  valid c o m m a n d s  and i s s u e s  the  c o m m a n d s  to  the 
a p p r o p r i a t e  u s e r  subsys tem.  C o m m a n d s  wi l l  be executed by the 
CCS 10 bit- t i m e  s a f t e r  r e c e i p t  of a valid command if the  CDU 
r e m a i n s  in  lock. 

Command F o r m a t s  

T h e r e  s h a l l  be two f o r m a t s  used f o r  commanding the  MJS 77 SIC: 

a )  Command Word - which u s e s  the  command  word f o r m a t  to 
send s ingle  c o m m a n d s  to be executed in r e a l - t i m e .  

b) BLOCK ,oad - which c o n s i s t s  of the  command  word f o r m a t  
followed ~y a da ta  block and is used to  load CCS, FDS, and 
AACS m ~ m o r i e s ,  o r  to execu te ,  a s  i f  i t  w e r e  a subrou t ine ,  
the ins t ruc t ions  contained in  the da ta  block. 

4 . 6 .  1 Command Word F o r m a t  

The command  f o r m a t  tha t  sha l l  be used whenever  t h e r e  i s  a r e q u i r e -  
m e n t  to send a single command to the  MJS77 S I C  i s  shown in 
F i g u r e  5. 

I 
I 
I 
I 
I 

C W  BIT SYNC ACQUSITION CMD START 
I 
I 

WORD I 
I 

r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - J  

f I 
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s/c 
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\ 1- 

1 

I 
I 
L----) 

CCS BIT NUMBER 

r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -J  

I 
I 

F i g u r e  5 .  Command  W o r d  F o r m a t  
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The c o m m a n d - s t a r t  word (1 1010) i s  used t o  provide  command 
synchron iza t ion .  T h e  o p e r a t o r  word provides  a command  type 
and p a r a m e t e r  in fo rmat ion  to the CCS while the  accumula to r  
word p rov ides  d a t a  f o r  the opera t ion .  The column par i ty  word 
i s  odd p a r i t y  on the o p e r a t o r  and a c c u m u l a t o r  w o r d s .  In addi t ion ,  
e a c h  word r e q u i r e s  odd p a r i t y .  T h i s  i s  accompl i shed  by se t t ing  
pa r i ty  b i t  P s u c h  tha t  the 18 b i t s  of the word and the p a r i t y  b i t  
contain a n  odd n u m b e r  of o n e s .  

Block Load F o r m a t  

The command  f o r m a t ,  shown on F i g u r e  6 ,  s h a l l  be used  when 
sending mul t ip le  c o m m a n d s  to the  MJS77 S I C  f o r  loading the 
CCS, FDS,  o r  AACS m e m o r i e s ,  o r  to e x e c u t e ,  a s  if i t  w e r e  a 
subrou t ine ,  the  ins t ruc t ions  contained in  the  d a t a  b lock.  A 
block load command  word is followed by a d a t a  block consis t ing  
of 1 to  50 18-bit  d a t a  w o r d s ,  with p a r i t y  on e a c h .  The o p e r a t o r  
word spec i f i e s  the  B lock  Type and the  Block S ize  and the  
accumula to r  word conta ins  the  Block ID and Block  N u m b e r .  The  
da ta  block fo l lows,  t e r m i n a t e d  with column par i ty  on the d a t a  
block.  

WORD 
CDU BIT SYNC ACQUISITION (25 ZERO BIT9 I START I-. 

(1 1010) 

COMMAND WORD 4 I ACCUMULATOR WORD (18 BITS) I yl ,,, I 
L--- ' L OPERATOR WORD (18 BITS) P 

I 

( I DATA WORD 1 (18 BITS) I I I 

I 

(1 BIT) 
1 

. 
/ 

DATA WORD 2 (18 BITS) 
P 
(1 BIT) 

DATA BLOCK N 5 50 I - 
e 

1 

COLUMN PARITY WORD (18 BITS) 
O N  OPERATOR AND r CCUMUUTOR WORD) 

F i g u r e  6 .  Block Load F o r m a t  

P 
(1 BIT) 

( 
\ I 

DATA 'BLOCK 
I 
t 

r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -A  

I 
L-- EXECUTION DELAY (10 ZERO BITS) 

CMD EXECUTION 

DATA WORD N ( I8  BITS) 

COLUMN PARITY WORD (18 BITS) 
(ON DATA BLOCK) 

I 

P 
(1 BIT) 

P 
(1 BIT) --; 



Command  Word F o r m a t  Descr ip t ion  

4. 7.1 CCS O p e r a t o r  Word 

T h e  o p e r a t o r  word p r o v i d e s  a command  type and p a r a m e t e r  
in fo rmat ion  to  the  CCS. The  seven  p r o c e s s o r  and the coded,  
d i r e c t  command  o p e r a t o r  w o r d s  a r e  shown in Tab le  7. 

4 . 7 . 1 . 1  S p a c e c r a f t  ID. The s p a c e c r a f t  ID ( b i t  1) ind ica tes  which space-  
c r a f t  is being commanded .  C o m m a n d s  wi l l  not be executed 
u n l e s s  the s p a c e c r a f t  ID c o r r e s p o n d s  to  the  s p a c e c r a f t  p r o c e s s i n g  
the  command .  

4 . 7 . 1 . 2  P r o c e s s o r . I D .  The p r o c e s s o r  ID ( b i t s  2 and 3) ind ica tes  which 
p r o c e s s o r ( s )  wil l  be used i n  c a r r y i n g  out  the opera t ion.  Com- 
m a n d s  wi l l  not be executed u n l e s s  the p r o c e s s o r  ID ( A  a n d / o r  B) 
c o r r e s p o n d s  to  the uni t (s )  p r o c e s s i n g  the  command .  

4. 7 . 1 .  3 Modifier  ID and Modif ier .  The modi f i e r  ID ind ica tes  whe ther  the 
command  i s  a CC o r  DC command;  o r  one of the P C  c o m m a n d s .  
The  modi f i e r  ID, one of e ight  codes ,  ident i f ies  the  f o r m a t  and 
u s e  of the 12-bi t  m o d i f i e r  por t ion  of the o p e r a t o r  word and the  
cor respond ing  18- bi t  a c c u m u l a t o r  word .  The modi f i e r  ID ( b i t s  
4-6) and modi f i e r  ( b i t s  7-1 8)  f o r  a l l  c o m m a n d s  a r e  shown in  
Tab le  7. 

4. 7 .1 .3 .  1 ID 000 - Block Command.  F o r  modi f i e r  ID 000 (Block  Command)  
the  modi f i e r  por t ion  of the o p e r a t o r  word h a s  the following fo rmat :  

3 B i t s  3 B i t s  6 B i t s  

The 6 bi t  No. Words  indicate  the  n u m b e r  (n)  of 18-bi t  d a t a  w o r d s  
( 1  to 50) in  the block load.  Type h a s  t h r e e  b i ts  which indicate  one 
of seven  poss ib le  f o r m a t s  f o r  the da ta  contained i n  the n d a t a  
w o r d s  of the block load. 

4 . 7 . 1 . 3 . 1 . 1  Type 01 1 - CCS MEMORY LOAD BLOCK. The f o r m a t  f o r  m e m -  
o r y  load blocks  is  shown i n  F i g u r e  7 .  A m a x i m u m  of 49 m e m o r y  
w o r d s  ( 1  8 b i t s / w o r d )  m a y  be loaded with a s ingle  block command ,  
if the  m e m o r y  a d d r e s s e s  a r e  consecut ive .  Non-consecutive 
a d d r e s s e s  m a y  be loaded with a s ingle  block command;  the m a x i -  
m u m  number  of d i f fe ren t  a d d r e s s e s  i s  25 ( a s s u m i n g  no consecut ive  
a d d r e s s e s ) .  

T Y  pe 000 No. Words  



Table 7. CCS Operator Words  

GROUND CMD BIT NUMBER 

CCS BIT NUMBER I X B Y I  1 D C o r C C  
I 

I 

31 

18 

I 
2 Store  

I 

0 0 0 0  0 0 0 0 0 0 0 0  
1 

32 

17 

3 Transfer  (MSB) Memory Address  (LSB) 

. . 

1 1 

1 

0 1 0 

4 Internal Execute; 

I FDS Memory 

33 

16 

I ! ,  

Enable P r o c e s s o r s  to Output 1 

Inhibit P r o c e s s o r s  to Output 1 

Enable P r o c e s s o r s  to  Output 2 

Inhibit P r o c e s s o r s  to Output 2 

Enable Other P r o c e s s o r ' s  Outputs 

Inhibit Other P r o c e s s o r ' s  Outputs 

5 Block 

CCS Memory Load 

P r o g r a m  Execute 

Conditional P r o g r a m  Execute 

AACS Memory Load 

Memory Address  (LSB) 

I I I 1 1 I I 
0 0 0 

Software Load 

Hardware Load 

6 Return 

Modifier ID I 1 = P r o c e s s o r  B 
P r o c e s s o r  ID 1 1 = P r o c e s s o r  A J1 

34 

15 

0 1 1 

0 1 0 1 0 0  

0 0 0 0 0 1  

0 0 1 0 0 0 ~  

0 0 0 0 1 0  

0 1 0 0 0 0  

0 0 0 1 0 0  

1 0 0 0 0 0  

. l o 0  
1 0 1 ,  
1 1 0  

J 

0 1 1  

0 0 0 

. 0 0 1  
0 1 0  

1 1 1  

7 Store  Indirect 

8 Execute 

1 = ~ ~ $ 7 7 - 2  
Spacecraft  ID I 1 0 = MJS77-3 

0 0 0 

I 

, 
Memory Address  

35 

1 4  

Block Size 

1 0 1  

t 4 4 4  C 

Memory Address  

Memory Address  

1 1 0  

1 1  1 

36 

13 

37 

12 

38 

11 

39 

10 

40 

9 

41 

8 

42 

7 



I CCS MEMORY WORD 1 

I CCS MEMORY WORD N 

I CCS BASE ADDRESS I N2 

2 3 1 

I CCS MEMORY WORD N2 

5 

1 DATA 

.. 

No a t tempt  should be made to  s t o r e  words  in 
m e m o r y  a d d r e s s e s  below 2048 (4000 octal)  
un less  immediately preceded by a special  s to re  
command. 

4 7 

CCS BASE ADDRESS 

CCS MEMORY WORD 1 

a . 
C.  a 

a 

Notes: 1.  N i s  the number  of consecutive m e m o r y  words  to  
1 be loaded beginning a t  the specified CCS base add res s ;  

N i s  the number  of consecutive CCS m e m o r y  words 
2 to be loaded beginning a t  the specified base a d d r e s s  e tc .  

6 10 

d 

2 .  If the CCS Memory Word contains a CCS instruct ion a s  
well  a s  a n  a d d r e s s ,  the CCS a d d r e s s  i s  entered in CCS 
bi ts  7-18 followed by the CCS instruct ion in CCS bits  
1-6. 

12 

Figure 7. MJS77 P C  Commands,  CCS Memory  Load Data Block 

29 

9 11 14 CCS BIT NUMBER 8 13 17 18 16 15 



4. 7 .1 .  3 . 1 . 2  Type 000 - P r o g r a m  Execute  Block. The f o r m a t  f o r  p r o g r a m  
execute  blocks is shown in  F i g u r e  8. T h i s  block i s  the s a m e  a s  
the  CCS M e m o r y  Load block except  tha t  CCS p r o g r a m  control  is 
t r a n s f e r r e d  to the first word of the da ta  block and the ins t ruc t ions  
contained in  the d a t a  block a r e  then executed.  At the end of the 
P r o g r a m  Execute  block, CCS con t ro l  i s  r e tu rned  to the on-board 
CCS p r o g r a m s .  

Unconditional p r o g r a m  execute  blocks a r e  used to t r a n s m i t  a 
spec ia l  sequence of even t s  o r  rout ine  that  is to be executed only 
once;  immedia te ly  upon r e c e i p t  by the CCS. T h i s  spec ia l  rout ine  
o r  sequence i s  not re ta ined in m e m o r y  but r a t h e r  is executed f r o m  
the command buffer.  No o t h e r  command sha l l  be s e n t  to  the CCS 
until  the execute  block h a s  f inished executing.  

CCS MEMORY WORD 2 

CCS BIT NUMBER 

DATA 

CCS MEMORY WORD N 

18 

CCS MEMORY WORD 1 

No a t t e m p  should be  m a d e  to s t o r e  w o r d s  in m e m o r y  
a d d r e s s e s  below 2048 (4000 octa l )  un less  immedia te ly  
preceded by a spec ia l  s t o r e  command.  

Notes:  

1. N i s  the number  of CCS m e m o r y  w o r d s  to b e  loaded;  N 5 49. 

2. If the  CCS M e m o r y  Word conta ins  a CCS ins t ruc t ion  a s  wel l  a s  a n  
' a d d r e s s ,  the CCS a d d r e s s  i s  en te red  in CCS b i t s  7-18 followed by  
the  CCS ins t ruc t ion  in CCS b i t s  1-6. 

F i g u r e  8. MJS77 P C  C o m m a n d s ,  P r o g r a m  Execute  Load and Conditional 
P r o g r a m  Execu te  Load Data Block 



4. 7 . 1 . 3 . 1 . 3  Type 001 o r  010 - Conditional P r o g r a m  Execute Block. This  
block will  follow a s e r i e s  of CCS m e m o r y  load blocks ( s e e  Fig- 
u r e  9) containing ins t ruct ions  tha t  a r e  to be executed only if a l l  
of the preceding m e m o r y  load blocks have been accepted by the 
CCS. Execution of th is  block es tab l i shes  the neces sa ry  l inkages 
that  p e r m i t  the initiation of the ins t ruct ions  contained in the 
previous  blocks. If the out-of-sequence indicator i s  se t ,  indi- 
cating that  a l l  preceding blocks have not been proper ly  received,  
the conditional execute  block will  be re jected and the l inkages 
will  not be es tabl ished.  The f o r m a t  fo r  conditional p r o g r a m  
execute blocks i s  shown in  F igu re  8. 

CCS MEMORY 
LOAD BLOCK 

1 

F i g u r e  9. MJS77 Conditional P r o g r a m  Execute Block Load 



4.7.1.3.1.4 Type 100 o r  101 - FDS Memory Software Load Block. The format 
fo r  FDS memory software load blocks a s  t ransmit ted f r o m  the 
ground to  the ccs command buffer i s  shown in Figure 10. FDS 
software loads permit  updating FDS memory contents without inter-  
fering with a running program. 

The sequence of operations associated with a FDS software load via 
the CCS shall  be a s  follows: 

a )  The CCS shall  send a coded command to  the FDS which a l e r t s  
the FDS of the block load and specifies that it i s  a software 
block load. This command a lso  disables the hardware decod- 
ing logic, specifies whether the block load i s  for  the p r imary  
o r  secondary FDS memory,  and whether the FDS memory 
protect c i rcui t ry should be disabled. The memory protect 
c i rcui t ry shall  only be disabled when the block load involves 
updating protected memory. 

b) The CCS shall  segment the command words in the command 
buffer a s  shown in F igure  11 and output these commands to  
the FDS through the event output routine. 

c) The FDS shall  reconstruct  the original 16 bit data words f rom 
the coded commands received f rom the CCS. Each 16 bit data 
word is prefaced by two bits (the TYPE field) which a r e  used 
to specify whether the following 16 bits a r e  memory  address ,  
data, o r  the end of the block load. As can be seen f rom Fig- 
u re  11, t h ree  CCS coded commands a r e  required t o  t r ans fe r  
two 16-bit data words to  the FDS. 

d) If sequential memory  locations a r e  to be loaded, only one 
address  word (the starting address )  shall  be required. Data 
words that follow shal l  be loaded in consecutive memory 
locations. A s  a resul t ,  a maximum of 49 memory  words 
may be loaded with a single block command i f  the memory  
addres  se  s a r e  consecutive. "Scatter loading" shal l  be 
accomplished by specifying an  address  f o r  each data word. 

e )  FDS memory address  specification shal l  conform t o  the 
format  a s  shown below: 

CCS BIT NUMBER 18 . . . . . .  6 5 4 3 2 

MEMORY I UNUSED TYPE 
LOCATION 

FDS 
"00" 

MEMORY ID 
0 = PRIMARY 
1 = SECONDARY 

f )  Upon receipt  of the  end of block load command f rom the CGS, 
the FDS shal l  re-enable the hardware decode logic and 
memory protect c i rcu i t ry  (if disabled for  the load). 



4.7.1.3.1.5 Type 110 - FDS Memory Hardware  Load Block. The fo rma t  for  
FDS memory  hardware  load blocks is the s a m e  a s  that  for  software 
load blocks shown in F igu re  10. FDS p r o g r a m  operation sha l l  be 
stopped when updating FDS m e m o r y  contents with a ha rdware  load. 
Al.l f ea tu re s  of the hardware  load mode a r e  identical  t o  that  
descr ibed for the  software load mode except for the  following: 

a )  When the "end of block load" i s  received during a hardware  
block load, the FDS sha l l  begin executing the p r o g r a m  a t  
a d d r e s s  z e r o  of the  p r i m a r y  memory .  

b)  The hardware  load will cause a discontinuity in spacecraf t  
t i m e  since the en t i re  FDS is stopped. 

4.7.1.3.1.6 Type 11 1 - AACS Memory Load Block. The format  for  AACS 
memory  load blocks a s  t ransmi t ted  f r o m  the ground t o  the  CCS 
command buffer i s  the  s a m e  a s  that  shown in F igu re  7 for CCS 
m e m o r y  loads. Assuming the block pas ses  CCS par i ty  checks,  the  
CCS segments  the command words i n  the  command buffer a s  shown 
i n  F igure  12 and outputs this information a s  coded commands to 
the AACS. The following points should be noted f rom Figure  12: 

a )  The number of .words in  the block (M) i s  t ransmi t ted  t o  
AACS. This  information i s  for  CCS internal  use  only. 

b)  F o r  AACS m e m o r y  loads,  the  f i r s t  word i n  the  block will 
always contain an  add res s  - hence the f i r s t  coded command 
of the  block will always have C1 se t  equal to "1". 

c )  AACS will load data words in  consecutive a d d r e s s e s  ( f rom 
the s tar t ing add res s )  un less  told otherwise.  "Scatter loading'' 
i s  accomplished by specifying a n  a d d r e s s  for each data word. 

4.7.1.3.2 ID 001 - DC or  CC Command. The modifier portion of the operator  
word contains a l l  ze roes .  

4.7.1.3.3 ID 010 - TRANSFER (TRA) Command. The TRANSFER opera tor  
word i s  used to t r ans fe r  CCS p roces so r  control. Table 8 desc r ibes  
the opera tor  word and accumulator  word necessary  for  a TRA. 
The entry a d d r e s s  i s  specified in bits  7-18 of the operator  word.  
The accumulator  word may contain p a r a m e t e r s .  This  will gener -  
al ly be a subroutine which may o r  may  not requi re  the use of the 
accumulator  word for  data  o r  p a r a m e t e r s .  

4.7.1.3.4 ID 011 - STORE (STW) Command. The STORE operator  word i s  
used to s to re  a single word in CCS memory .  Table 9 desc r ibes  
the opera tor  word and accumulator  word for  a STW. Bits  7-18 of 
the opera tor  word specifies the CCS a d d r e s s  into which the accum- 
ulator word contents a r e  to be stored.  



CCS BIT NUMBER 

CI/  

M c 5 0  

F i g u r e  10. MJS77 P C  Commands,  Data Block 
FDS Software Memory  Load 

* 
TO 
FDS 

NOTES: 1) USER BIT #I RECEIVED FIRST BY USER SYBSYSTEM 

DATA WORD 1 

DATA WORD 2 

P 
- 

P 

?-/ 

2) P REPRESENTS ODD PARITY O N  USER BlTS 3-14 

TYPE P 

TYPE P 

TYPE: 00 MEMORY ADDRESS 
10 DATA 
01 NOT ALLOWED 
1 1  END OF LOAD 

3) USER BlTS 1 AND 2 ARE GENERATED BY CCS AND NOT INCLUDED IN THE CCS BLOCK LOAD 

Figu re  11. FDS Command Word to  CC Convers ion 

1 CCS BIT NUMBER 18117116115114113112Il1110191 81 716 15 141 31 21 1~1~~17~16~15~14~13~12~11~10~ 91 81 71 61 5 / 4 1  31 21 1 
I . . . . DATA WORD 1 (ADDRESS) 

' 

DATA WORD M 

+ 
TO 
AACS 

TYPE 

-I- 
CODED COMMAND 13 CODED COMMAND 12 CODED COMMAND a1 

BLOCK COLUMN PARITY WORD 

NOTES: USER BIT RECEIVED FIRST BY USER SUBSYSTEM 

C1 AND C2 ARE CODE BlTS GENERATED BY CCS AND NOT INCLUDED IN THE CCS BL 

C1 = 1 = ADDRESS 

C1 = 0 = ADDRESS 

P REPRESENTS ODD PARITY O N  USER BlTS 3-14 

C2 FIELD DEFINITION: 

M < 50 

OCK LOAD 

F i g u r e  12 .  AACS Command Word t o  CC Conversion 

3 4  



Table 8 .  MJS77 P C  Commands, TRANSFER 

Opera tor /Accumula tor  Word 

TRA Opera tor  Word 

Ground Command Bi t  Number 

CCS Bit  Xumber 

TRA Accumulator  Word 

33 

16 

Ground Command Bit Number . 

CCS Bit  Number 

Memory  Word 

31 

18 

34 

15 

32 

l?  

Trans fe r  Word (TRA) P C  Command 

CCS Memory Addres s  (0 through 4095)  

50-51 

18 

MSB LSD 

k ';;t a, 3 
m:: * 
C) o a, E 
u ~ ~ ~ E  3 5 

k - 3  0 
P 4  -4 u 

rn 
ern 
F o 
Vl k 
h W  

2 ;  

35 

14 

P r o c e s s o r  A Memory  

P r o c e s s o r  B Memory  

P r o c e s s o r  A and B Memor ie s  

MJS77-2 

MJS77-3 

MSB LSB 

0 1 0  

17 

36 

13 

5 4  

14 

0 1 

1 0  

1 1  

I 

52  

16 

37 

12 
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0 

55 

13 

53  

15 
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38 

11 

5 6  

12 
I 

39 

10 

57 

11 
i 

40  

9 

58  

13 

41 

8 

59 

5 

4 2  

7 

61 

7 

60  

8 

4 3  

6 

6 2  

6  

4 4  

5 

6 3  

5 

45 

4 

64 

4 

65 

3 

48 

1 

46 

3 

47 

2 
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Table 9. MJS77 P C  Commands,  STORE 

O ~ e r a t o r  /Accumulator  Words 

STW Opera tor  Word 

Ground Command Bit Number 

CCS Bit  Number 

S tore  Word (STW) P C  Command 

CCS Memory  Address  (2048 through 4095) 

STW Accumulator  Word 

31 

18 

1 

TI 
0 0 9 m o m  

u $ z g 2 
U o m  

q u 

a0 
t- cl) 
P al 
w k 

Ground Command Bit Number 

CCS Bit  Number 

Memory Word 

NOTES: 

P r o c e s s o r  A Memory  

P r o c e s s o r  B Memory  

P r o c e s s o r  A and B Memor ie s  

MJS77- 2 

MJS77-3 

1. If the CCS Memory Word contains a CCS instruction a s  well a s  an  add res s ,  the  CCS 
a d d r e s s  i s  entered in CCS bi ts  7 - 18 followed by the CCS instruction in CCS bi ts  1 - 6. 
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4.7 .1 .3 .  5 ID 100 - INTERNAL EXECUTE (IEX) Command. The INTERNAL 
EXECUTE opera tor  word i s  used to s e t  up the CCS processor - to -  
output unit paths ,  o r  to selectively enable o r  disable  a p roces so r .  
Table  10 desc r ibes  the opera tor  word and accumulator  word neces-  
s a r y  fo r  a n  IEX. The accumulator  word i s  not used and i s  s e t  to 
a l l  z e ros .  Bits  10 through 15 of the  modif ier  portion of the  opera-  
t o r  word specif ies  the  ro le  between the  p r o c e s s o r s  and the  output 
uni ts .  

4 .7 .1 .3 .6  ID 101 - RETURN (RET)  Command. The RETURN opera tor  word 
i s  used to cause  a CCS indirect  t r a n s f e r  to  the location specified 
by the Memory a d d r e s s  indicated in  bits  7-1 8. The accumulator  
word m a y  contain data o r  p a r a m e t e r s  and i s  used a s  indicated in 
the t r ans fe r  instruction.  Table 1 1  shows the opera tor  and accumu- 
l a to r  word for  a RET.  

4 .7 .1 .3 .7  ID 1 1 0 -  STOREINDIRECT(STW*)Command. T h e S T O R E  
INDIRECT opera tor  word i s  used to indirect ly  s t o r e  the accumu- 
l a to r  word in  the location specified by the a d d r e s s  indicated. 
Table  12 shows the opera tor  and accumulator  word for  a STW. 

4 . 7 . 1 . 3 . 8  ID 11 1 - EXECUTE (XEC) Command. The EXECUTE opera tor  
word i s  used to execute the ins t ruct ion in the location specified by 
the a d d r e s s  contained in bits  7-18 of the opera tor  word. Table 13 
shows the opera tor  and accumulator  word for  a XEC. 

CCS Accumulator Word 

DC Accumulator Word. The DC accumula tor  word i s  the a d d r e s s  
of the d i s c r e t e  switch location in the CCS command ma t r ix .  The 
DC accumula tor  words  a r e  shown in  Table 3 of MJS77-3-290. 

CC Accumulator Word. The CC accumula tor  word i s  par t ia l ly  
decoded by the CCS to de te rmine  the appropr ia te  u s e r  subsys tem 
and i s  then issued to the u s e r  subsys tem for  final decoding. The 
CC accutnulator  words  a r e  shown in  Table 4 of MJS77-3-290. 

P C  Accumulator Words. The P C  accumula tor  words  a r e  used to 
p r o g r a m  and control  the CCS, FDS, and AACS. The function fo r  
each  P C  accumulator  word is a s  follows: 

BLOCK. The block accumulator  word indicates  the block ID and 
the block number.  The block accumula tor  word f o r m a t  i s  shown 
and descr ibed  in Table 14. 

TRANSFER. The t r ans fe r  accumula tor  word m a y  contain data  o r  
p a r a m e t e r s  used in  a CCS subroutine a s  requi red  p e r  Table  8.  

STORE. The s t o r e  accumulator  word i s  the single word which is  
to be s tored in  CCS m e m o r y  p e r  Table  9. 

INTERNAL EXECUTE. The in te rna l  execute accumula tor  word 
i s  not used and i s  s e t  to a l l  z e r o s  p e r  Table  10. 



Tabl'e 10.  MJS77 P C  Commands, INTERNAL EXECUTE 

O ~ e r a t o r  /Accumulator Word 

IEX Opera tor  Word 

Ground Command Bit Number 

CCS Bit  Number 

Internal Execute (IEX) P C  Command: 

IEX A c c t ~ n ~ u l a t o r  Word 

WARNING: This commantl shoultl never  I ) c  S C I I ~  wj.tl1 a " I  " i n  posi t io~l  18. 

18 

&I 
0 
V) 

m  n 8 1 
oam; 

5 ' 6 
k 3 

g I 
m w m  2 
U c; bC 

u 'rrP 

U 2 9  0 
p,< U 

V) 

Enable p r o c e s s o r s  to output unit 1 
Inhibit p r o c e s s o r s  to  output unit 1 
Enable p r o c e s s o r s  to  output unit 2 
Inhibit p r o c e s s o r s  to output unit 2 
Enable o ther  p r o c e s s o r s  outputs 
Inhibit other  p r o c e s s o r s  outputs 

P r o c e s s o r A  

P r o c e s s o r  B 

P r o c e s s o r A  and B 
- 

MJS77-2 

MJS77-3 

Ground Command Bit  Number 

CCS Bit Number 

31.32 

17 

0 0 0 

IEX Accumulator Word 

18 

52 

16 

33 

16 

54 

14 

50..51 

17 

53 

15 

0 0 0 0 0 1  
0 0 1 0 0 0  
0 0 0 0 1 0  
0 1 0 0 0 0  
0 0 0 1 0 0  
1 0 0 0 0 0  

I t  

34 

15 

I 

55 

13 

0 1 0 1 0 0  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

56 

12 

35 

14 

1 0  

1 1  

36 

13 

37 

12 

57 

11 

1 

0 

38 

11 

I 

58 

10 

39 

10 

59 

9 

60 

8 

61 

7 

40 

9 

43 

6 

62 

6 

41 

8 

42 

7 

44 

5 

63 

5 

45 

4 

64 

4 

46 

3 

65 

3 

66 

2 

i 

67 

1 

47 

2 

48 

1 



T a b l e  11. MJS77 P C  C o m m a n d s ,  RETURN 

O p e r a t o r / A c c u m u l a t o r  Word 

RET Operator Word 

Ground Command Bit Number 

CCS Bit Number 

Return Word (RET) PC Command 

CCS Memory Address ( 0  through 4095) 

RET Accumulator Word 

k C C ~  . g 
a *  d C n m m  u o, hE 

u E 
* 6 PI4 

m 
12 m 
12 a 
vl k 

Ground Command Bit Number 

CCS Bit Number 

Memory Word 
* 

3 1 

18 

Processor A Memory 

Processor B Memory 

Processor A and B Memor ie~  

MJS77-2 

MJS77- 3 

.50..51 

18 

MSB LSB 

- 

17 

35 

14 

38 

1.1 

MSB LSB 

17 

32.33 

16 

36 

13 

1 0 1  

39 

10 

34 

15 

37 

12 

52 

16 

0 1 

1 0  

1 1  

40 

9 

1 

0 
A 

53 

15 

41 

8 

54 

14 

42 

7 

11 

55 

13 

43 

6 

57.58 

10 

56 

12 

44 

5 

59 

9 

45 

4 

60 

8 

46 

3 

61 

7 

47 

2 

62 

6 

48 

1 

63 

5 

66 

2 

67 

1 

64 

4 

65 

3 



Table 12. MJS77 P C  Commands, STORE &'NDIRECT 

O~erator /Accumulator  Word 

STW* Operator  Word 

36 

13 

35 

14 

Ground Command Bit Number 

CCS Bit  Number 

STW::: Accumulator Word 

18 

Ground Command Bit Number 

CCS Bit  Number 

37 

12 

1 1 0  

MSB LSB 

STORE INDIRECT (STW*) P C  Command 

CCS Memory Addres s (0 through 4095) 

64 

4 

38 

11 

31.32.,33.34 

17 

a 
0 9) 
0 0  9 

'O : : b E 
U . .PE 

* 5 PI4 

PD 
F m 
& E 

Memory Word 

18 

39 

10 

0 1 -  

1 0  

1 1  

P rocesso r  A Memory 

P rocesso r  B Memory 

P r o c e s s o r  A and B Memories  

MJS77-2 

MJS77-3 

MSB LSB 

65 

3 

42 

7 

1 

0 

16 

40 

9 15 

66 

2 

50..51.,52 

17 

43 

6 

41 

8 

15 

67 

1 16 

44 

5 

53.,54..55..56 

14 

45 

4 

13 

3 

12 

46,47 

2 

-57 

11 

48 

1 

58..59 

10 9 

.60 

8 

.61 

7 

62 

6 

.63. 

5 



Table 13,  MJS77 P C  Commands,  EXECUTE 

Opera tor /Accumula tor  Word 

XEC Opera tor  Word 

1 

1 

0 

XEC Accumulator  Word 

3 2 6 

66. 

2 

0 1 

1 0  

1 1  

39. 

10 

67. 

1 

63  

5 

M e m o r y  Word 

1 1 1  

5 

36 

13 

35 

14 

Ground Command Bit  Number 

CCS Bit  Number 

60..61 

8 

0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0  

.43.44..45..46..47.-48 

4 
L I L 

MSB LSB 

Execute Word (XEC) P C  Command 

CCS Memory  Addres s  (0 through 4095) 

64 

4 

54 

14 

Ground Command Bit Number 

CCS bi t  Number 

41.42 

7 

37.38 

12 

40 

9 18 

'EI a 
2 :  

U l W W  5 
U a, a, h C u ;p :: 
6; 8 

0 

6 5  

3 7 

55 

13 

11 8 

P r o c e s s o r  A Memory  

P r o c e s s o r  B Memory  

P r o c e s s o r  A and B Memor i e s  

MJS77-2 

MJS77-3 

62 

6 

58 

10 18 

31..32..33. - 
17 

59 

9 

56 

12 

57 

11 

50,.51.,.52. 

17 

16 

34 

15 
I 

16 

53  

15 



RETURN. The re turn  accumulator  word may contain data o r  
p a r a m e t e r s  used in a CCS subroutine a s  required p e r  Table 11. 

STORE INDIRECT. The s to re  indirect  accumulator  word i s  the 
information which i s  to  be s tored  p e r  Table 12. 

EXECUTE. The execute accumulator word i s  not used and i s  s e t  
to a l l  z e r o s  p e r  Table 13. 

Table 14. MJS77 P C  Commands,  Block Accumulator Word 

The Block ID and No. a r e  used to give every  command block a 
unique identifier. The Block ID and No. a r e  a l so  used to control  
the CCS out-of- sequence indicator under the following ground rules .  

a )  Any accumulator  word with a z e r o  Block number  has  no effect 
on the out-of- sequence indicator. 

b) The out-of- sequence indicator i s  r e s e t  only by receiving a 
new command with a Block No. equal to one. 

c )  Example o f  out-of sequence operation. 
Out- of- Sequence 

Block ID Block No. Indicator 

6 1 Rese t  

6 2 No change 

7 0 No change 

6 3 No change 

7 1 Rese t  

*since 6-4 i s  miss ing  in the sequence, 6-5, 6-6, and 8-0 will 
a l l  be marked  out of sequence. Because of this,  the out-of- 
sequence indicator will be se t ,  and any conditional p rog ram 
execute block will be rejected unless the indicator i s  f i r s t  
r e se t .  The out-of-sequence indicator will r e s e t  with 7-1. 



Command P a r i t y  

4 .7 .3 .1  CCS P a r i t y  Checks on Uplink Commands.  Bi ts  26 through 30 of the 
base command word fo rma t  r ep re sen t  the command s t a r t  code and 
shal l  be recognized with single bit e r r o r  tolerance.  The P's in 
F igu res  5 and 6 r ep re sen t  odd row par i ty  over  the preceding 18 bit 
word (i. e . ,  the sum of the number of ones in P and the 18 bit word 
i s  odd. ) The column par i ty  word cons is t s  of 18  par i ty  bits. Each 
of these bits r ep re sen t s  odd parity for  the corresponding column. 
The acceptance c r i t e r i a  fo r  the command header  and data block shal l  
be a s  specified in F igure  13. All commands received with a con- 
dition "A" o r  "C" shal l  cause the t i m e r  associated with the CCS 
command loss  routine to be rese t .  

4 . 7 .  3 . 2  Subsystem Response to Coded Command P a r i t y  E r r o r .  The CCS 
shal l  generate  odd parity on a l l  coded commands which a r e  sent  to 
the coded command u s e r  subsys tems  (FDS, AACS, MDS, DSS, and 
PWR). Use r  subsys tems  shal l  check par i ty  on coded commands and, 
in the event of a par i ty  e r r o r ,  the subsystem response shal l  be a s  
follows: 

a) FDS - The FDS shal l  execute the command and inform the 
ground of a par i ty  e r r o r  via FDS s ta tus  te lemetry.  * 

b) AACS - The AACS sha l l  not  execute the command but shal l  
in form the CCS via the power code interface and the ground 
via AACS s ta tus  te lemetry.  CCS response  to the power code 
indication i s  TBD. * 

c )  MDS - The MDS shal l  not execute the command. Ground o r  
CCS notification of a parity e r r o r  shal l  not be required.  

d)  DSS - The DSS shal l  not execute the command. Ground or  
CCS notification of a par i ty  e r r o r  shal l  not be required.  

e )  PWR - The PWR shal l  not execute the command. Ground o r  
CCS notification of a par i ty  e r r o r  shal l  not be required.  

* ~ o t i f i c a t i o n  shal l  be sufficient to  identify within which block the command 
par i ty  e r r o r  occur red  but the exact command in  e r r o r  m a y  not be determinable .  



f 

COLUMN 
PARITY 
ERROR 

HEADER ACCEPTANCE CRITERIA 

ROW PARITY ERROR 

COLUMN 
PARITY 
ERROR 

DATA BLOCK ACCEPTANCE CRITERIA 

ROW PARITY ERROR 

A = accept  block with no e r r o r s  o r  a single row par i ty  
bit e r r o r .  

C = c o r r e c t  single bit e r r o r  a t  junction of column par i ty  
bit e r r o r  position and row par i ty  bit e r r o r  position. 

R = r e j ec t  the fo rma t  a s  probably having two e r r o r s .  
S t a r t  looking fo r  a new command s t a r t  code. 

T = t e rmina t e  decoding operat ions  until a new CDU 
lock indication i s  received.  

F igu re  13. CCS Command Acceptance Cr i t e r i a  



INSTRUMENT DATA AND CONTROL REQUIREMENTS 

General  

The FDS shal l  supply a l l  instrument timing and control functions a s  
specified in  MJS77-3-110. 

FDS- Instrument Logic Signal Conventions 

Posi t ive logic signal conventions (output a "1" when the signal 
amplitude i s  high and a "0" when the signal amplitude is low) shal l  
apply to  a l l  FDS-instrument interfaces with the exception of the 
PWS. F o r  the PWS the output sha l l  be  a " O t t  when the signal ampli-  
tude i s  high and a I '  1" when the signal amplitude is low. 

FDS-Inst rument Data Trans fe r  Charac ter i s t ics  

All digital  data sent to  o r  received f r o m  the science instruments  
shal l  be s e r i a l  NRZ and t ransmit ted most  significant bit (MSB) 
f i r s t .  With the exception of video and high rate  PRA and PWS 
data, a l l  digital data shal l  be t r ans fe r red  at 14.4kHz. High ra te  
PRA and PWS data  shal l  be t r ans fe r red  at  115.2 kHz whereas 
video data  shal l  be t r ans fe r red  a t  an instantaneous rate  of 
172.8 kHz. 

The FDS shal l  supply a continuous 14.4 kHz shift clock to  each 
science instrument  with the exception of the PWS for the purposes 
of t ransfer r ing  s e r i a l  command and science data. During periods 
of data  t ransfer ,  the receiving subsystem shal l  sample the s e r i a l  
data  on the leading edge of the shift clock. The sending subsystem 
shal l  shift on the trail ing edge of the  shift clock. 

Instrument  Engineering Measurements  

The FDS shall  accommodate and sample a l l  instrument  engineering 
measurements  a s  specified in MJS77-3-280. 

FDS-Ins t rument  Serial  Commands 

All  s e r i a l  commands issued by the FDS t o  control science instru-  
ment  operation shal l  conform t o  the bit  pat terns  a s  specified in 
MJS77-3-290. 

Cosmic Ray Subsystem (CRS) 

Discrete  Commands 

The FDS shall  provide five (5) d i sc re t e  pulse commands to accom- 
modate the following CRS functions: 

a )  Turning on CRS high voltage. 

b) Synchronizing the CRS rate  and s tatus  data readout to the FDS. 



c)  Star t ing  the CRS in te rna l  ca l ibra t ion sequence.  

d)  Stepping the CRS analog mul t ip lexer .  

e) Reset t ing  the CRS analog mul t ip lexer  to a known posit ion.  

5 .2 .2  S e r i a l  Command 

The FDS sha l l  provide  a 12 bi t  s e r i a l  command word f o r  CRS 
i n s t r u m e n t  con t ro l .  T h i s  command  w o r d  s h a l l  b e  s e n t  
e v e r y  48 s. 

5 .2 .  3 Bi-Level  Commands  

The FDS sha l l  provide  a bi- level  command to con t ro l  which s e t  of 
redundant  in te r face  l i n e s  a r e  used.  

5 . 2 . 4  In te r face  Redundancy 

The FDS sha l l  provide redundancy fo r  those  CRS functions a s  speci -  
fied in MJS77- 3-1 10.  Redundant CRS 1/0 logic  sha l l  a l s o  be included 
in  the FDS. The redundant  function sha l l  be se lec tab le  a s  a s e t  by 
the FDS upon r e c e i p t  of a ground command.  The  FDS sha l l  a lways  
send the redundant  s igna l s  to  the CRS but sha l l  take da ta  only f r o m  
the da ta  l ine which w a s  se lec ted .  

5 .2 .  5 Data  Acquisi t ion 

CRS d a t a  acquis i t ion  s h a l l  be control led  by the f requency a t  which 
the FDS i s s u e s  PHA,  RATE,  and.STATUS word g a t e s .  The FDS 
shal l  i s s u e  t h e s e  word g a t e s  s o  a s  to  g e n e r a t e  CRS da ta  a s  speci -  
fied i n  T a b l e  17. . 

5. 3 P l a n e t a r y  Radio  As t ronomy Subsys tem ( P R A )  

D i s c r e t e  Commands  

The FDS sha l l  provide  t h r e e  d i s c r e t e  pulse c o m m a n d s  to  a c c o m -  
moda te  the following P R A  functions: 

a )  Initiating the analog to d ig i ta l  convers ion  p r o c e s s .  

b) Stepping the analog mul t ip lexer .  

r) Reset t ing  the analog mul t ip lexer  to a known position. 



MJS77-3-270 

Table  17. CRS Data Acquisition Schedule 

* ~ l l o c a t i o n s  shown a r e  only represen ta t ive .  F ina l  r a t e s  and 
al locat ions  a r e  TBD. 

C r u i s e  Mode 

CR-  I 

C R - 2  

CR-  3 

CR-4  

CR-  5 

CR-6  

R A T E  
Data 
(bps) 

+ 

STATUS 
Data 
(bps)  

C R - 7  

C R - 8  

CR-9 

Genera l  Science 
Encounter Mode 

GS- 1 

GS- 2 

GS- 3 

GS- 4 

OC- 1 

C R S  
Allocation 

( bps) 

2 50" 

250* 

125* 

62* 

31" 

20 

P H A  
Data 
(bps)  

' F o r m a t s  and al locat ions  will  not 

be developed until extended m i s -  

sion approval  i s  given. 

CRS 
Allocation 

(bps)  

262 

262 

262 

262 

262 

RATE 
Data 
(bps)  

6 0  

6 0  

6 0  

60  

6 0  

PHA 
Data 
(bps)  

200 

200 

200 

200 

200 

I 

STATUS 
Data 
(bps)  

2 

2 

2 

2 

2 - 



5. 3 . 2  Ser i a l  Commands 

The FDS shall  supply the PRA with two c lasses  of se r i a l  command 
words which a r e  t ransmit ted f r o m  the FDS t o  PRA on the same 
interface line. The c l a s s  of command shal l  be recognized by the 
PRA by the respective t ime of a r r i v a l  relative to  the status word 
gate. The f i r s t  command sent a f t e r  the s ta tus  word gate shall  
be the PRA mode command (MODE CMD) and the second command 
sent af ter  the s ta tus  word gate shal l  be the  PRA configuration 
command (CONFG CMD). In general,  MODE CMDS shal l  be 
generated by the FDS program during flight, while CONFG CMDS 
that a r e  not associated with LEVEL commands shall  be changed 
only in response t o  a ground command. 

MODE CMDS shal l  determine the mode of operation of the instru-  
ment (POLLO, POLHI, etc. ) and the p rese t  radiometer frequency 
for  the POLHI, FIXLO, and VLOBR modes. A MODE CMD shall  
be required for every scan. When a MODE CMD i s  sent, the 
instrument shal l  be operated in  that mode fo r  a t  least  one full scan 
(198 science data samples).  However, if the instrument receives 
a MODE CMD before  completing a ful l  scan, it shal l  s t a r t  a new 
scan in accordance with the new command. Nine frequency code 
words of 9 bits each shal l  be t ransmit ted by ground command and 
stored in the FDS. The  FDS p rogram must merge  the appropriate 4 

one of these frequency codes into each PRA MODE CMD which 
specifies either POLHI, FIXLO, VLOBR, o r  the GS-2 data mode. 

A CONFG CMD shall  follow each of the eight MODE CMDS for 
LEVELand  the f i r s t  MODE CMD following the 48s LEVEL period. 
At a l l  other t imes  a CONFG CMD shall  only occur in response to  
a ground command. 

A DIG STATUS word readout sha l l  follow a MODE CMD, and 
precede the f i r s t  ADC START pulse, t o  confirm the  proper  receipt 
and response to  the commands. The 16 bit DIG STATUS word data 
which i s  read  out once per  scan, t o  provide information on the 
status and operation of the  instrument,  shal l  be inser ted into the 
bit s t r e a m  in  place of the f i r s t  two ADC DATA words. Four  bits 
of mode code a r e  included in the DIG STATUS word. 

5. 3. 3 Special  Clock Frequencies  

The FDS shall  provide the following two special  clock frequencies 
to the PRA: 

a )  A continuous 172.8 kHz signal used to  synchronize the analog 
t o  digital converter. 



b) A continuous 76.8 kHz square wave used t o  generate local 
oscillator frequencies. 

5. 3.4 Data Acquisition 

PRA data acquisition shall  be controlled by the frequency a t  which 
the FDS issues signals t o  initiate the analog to  digital conversion 
process and the status word gate. PRA data shall be acquired at 
the ra tes  shown in Tables 2 and 6 ,  and in the mode sequences 
shown in Tables 18 through 25, respectively. 

5.3. 5 Data Modes 

The PRA shall operate in six different data modes: POLLO, 
POLHI, HARAD, VLOBR, FIXLO, and LEVEL. In a l l  data modes 
except POLHI, the average ra te  of da ta  t ransfer  between the PRA 
and FDS' shall be 266-21 3 bps. Depending on the mission phase, 
the FDS shall  insert  al l  or  a portion of the 266-21 3 bps data into 
the telemetry stream. In the POLHI mode, 200 data samples a r e  
acquired a t  a ra te  of 11 5.2 kbps and ra te  buffered into the telem- 
e t ry  s t ream at  266-213 bps. In the GS-2 data mode, PRA data at 
115.2 kbps i s  inserted into the telemetry stream. The PRA data 
will be interrupted for the insertion of standard encounter GS&E 
data for 4.3 ms  out of every 60 ms. 

5.3.6 Data Mode' Sequencing 

A mode sequence shall consist of 240 (8 X 30) scans, taken in 
various modes, according to  a sequence specification. This 
sequence specifies : 

a )  The order  of the modes 

b) The number of scans in each mode 

c) Which of the nine pre-stored frequency codes a r e  to  be 
inserted into each of the mode commands for POLHI, 
FIXLO, VLOBR, and the GS-2 data mode 

d) Which of eight calibration level codes i s  to  be inserted in 
the CONFG CMD which accompanies the LEVEL MODE 
commands. 

Seven such sequence specifications (six for Cruise and one for 
JupiterISaturn encounter) will be developed. It should be noted 
that the VLOBR mode i s  not used because the spacecraft bit ra te  
i s  too high t o  use the Low Data Rate Sequence. However, the 



VLOBR mode and the Low Data Rate Sequence requirements shall 
be maintained in the event that post-Saturn spacecraft  operation 
becomes a reality. 

In those telemetry modes where the PRA data ra te  allocation i s  
266-213 bps a scan requires  6 s and a mode sequence requires  
1440 s ,  o r  24 minutes. 

The mode sequences shall be a s  presented in Tables 18 through 24, 
with Blocks A and B filled in by the appropriate mode for the 
sequence. The apparent half-frame symmetry i s  destroyed by the 
LEVEL mode only and will be discussed below. Blocks A and B 
contain modes a s  determined by ground command of the FDS. The 
mode contained in Block A i s  separately commanded and indepen- 
dent of the mode commanded for  Block B. Table 25 i s  a composite 
of Tables 18 through 24. 

In the POLHI, FIXLO, and VLOBR modes, the FDS shall  command 
the PRA to  one of nine ground loaded frequencies, seven of which 
a r e  used for the normal  mode sequences and the remaining two a r e  
used for  the GS-2 data mode. VLOBR has only one ground loaded 
frequency while POLHI and FIXLO have three. The three  f re-  
quencies for POLHI and the three  frequencies for  FIXLO shall be 
commanded in a 1, 2, 1,  3 sequence. - 

The POLL0 and HARAD modes contain a complete cycle within each 
6 s interval and therefore require the least command bits. 

The LEVEL mode requires  a full 48 s frame for a complete instru- 
ment calibration cycle. Since the commands for the f i r s t  half of 
the frame a r e  different than those of the second half of the frame,  
the inherent half-frame symmetry i s  destroyed. During LEVEL, 
the FDS sends the LEVEL mode command followed by an  FDS 
modified CONFG CMD. The FDS modifies the CONFG CMD by 
masking the 4 LBS's of the stored CONFG CMD and substituting 
the sequence of the 4 LSB's described in Table 26. The f i r s t  
mode command following LEVEL will be accompanied by the stored 
CONFG CMD a s  shown in the sequence of MODE and CONFG CMDS 
that i s  contained i n  Table 26. 



1 FULL 
SEQUENCE 
30 fmmos 

Table 18. C R -  1 PRA Mode Sequence Diagram 

SCANS 
4 5 

18 24 30 
TIME, sec 

. 

b ,  

F3 , 

F3 

, 

F3 , 

'h3 

1 

A 

L6 

F2 

F2 
F2 

F2 

'h2 

f 

1 

1 

, F l  
, F1 

: F1 

'h 1 

L 

I 

5 

1 

1 

1 

1 

'h 1 

4 

F, 

1 

1 

1 

'hl 

F2 

F2 
F2 

F2 

'h2 

p0110 

L4 ! t5 
HARAD 

F3 ! F1 
p0110 

HARAD 

F3 1 

F3 F1 
p0110 

F3 ! F1 
HARAD 

'h3 ! 'hl 
POLLO 

B L O C K  A 

1 

B L O C K  B 



Table 19: CR-2 PRA Mode Sequence Diagram 

1 FULL 
SEQUENCE 
30 fmmos 

SCANS 
4 5 

i 

BLOCK A 

I 

BLOCK B 

I I I I I 1 1 1 I 

0 6 12 18 24 30 36 42 48 
TIME, sec 



Table 20. CR-3 PRA Mode Sequence Diagram 

1 FULL 
SEQUENCE 
30 frames 

SCANS 
4 5 

I I I I I I I I I 

TIME, aoc 0) 
53 

-. 

F3 

'h3 , 

'h3 

F3 

F3 

'h3 

J 

A 

L1 

F1 

'h 1 
'h 1 

1 

, F1 

'h 1 

L3 

1 

'h 1 
'h 1 

1 

1 

'h 1 

L2 

F2 

'h2 
'h2 
F2 

F2 

'h2 

PO LLO 

L6 

F2 

'h2 
'h2 
F2 

F2 

'h2 

L4 L7 

F1 

'h 1 
'h 1 

1 

1 

'h 1 

L5 
HARAD 

F3 ! F1 
p0110 

'h3 
'h3 

'hl 
'h 1 

F3 , F1 
p0110 

F3 I F1 
HARAD 

'h3 'h 1 
p0110 

1 

BLOCK A 

BLOCK B 



Table 21. CR-4 PRA Mode Sequence Diagram 

SCANS 
1 2 3 4 5 6 7 8 

I I I I 1 I I 

1 FULL 
SEQUENCE 
30 fmmes 

TI& w c  (TBD) 

54 



1 FULL 
SEQUENCE 
30 ftumes 

Table 22. CR-5 PRA Mode Sequence Diagram 

SCANS 
1 2 3 4 5 6 7 8 

I 1 I I 1 I 1 I 1 

TIME, wc (no) 

5 5  



Table 23. CR-6 PRA Mode Sequence Diagram 

6 
7 

8 
9 

10 
11 
12 
13 
14 

1 FULL 
SEQUENCE 

15 

30 f r a r  16 

SCANS 
4 5 

32 48 64 80 
TIME, min 

L1 

, F1 

Phl 
, 'hl 

, 

1 
'h 1 
ph 1 

I 

. -- - 

L2 

F2 

ph2 
'h2 ' h2 

F2 
ph2 
'h2 

- 

-- 

L3 

1 

'hl 
ph 1 
Ph 1 

1 

'h 1 
'h 1 

- 

- -  

1 

PO LLO 

L4 ! L5 
HARAD 

I F1 
PO LLO 

L6 

F2 

'h2 
ph2 
'h2 

F2 

'h2 
Ph2 

'h3 
'h3 ' h3 

Ph 1 
'h 1 

L7 

F1 

'hl 
'h 1 
'hl 

1 

'h 1 
'h 1 

L8 , 

F3 , 

'h3 
'h3 
h3 

3 

'h3 
'h3 

1 

p0110 

3 

'h3 
'h3 

1 

'h 1 
'h 1 

p0110 

BLOCK A 

- 

BLOCK B 



Table 24. PRA Encounter Mode Sequence Diagram 

SCANS 

1 FULL 
SEQUENCE 

30 frames 

I I I 1 1 I I I I 

0 6 12 18 24 30 36 42 48 
TIME, sec 

57 

1 
2 
3 

4 

5 
6 
7 

8 
9 

10 

11 

12 

13 

14 
15 

16 
I 7  

18 
19 

2 0 
2 1 

22 

23 

24 
25 

26 
27 

28 
29 
30 

'hl 

h 

F1 

, 'hl 

- 

I F1 

, 'hl 

Ph2 

F2 

'h2 

F2 

'h2 

'h 1 

1 

'h 1 

1 

'h 1 

I 

I 

'h3 I 'hl 

I 
PO LLO 
HARAD 

F3 I F1 

f 

1 
'h3 I 'hl 

I 
t 

PO LLO 
HARAD 

I F1 

'h2 

F2 

'h2 

F2 

'h2 'h3 'h 1 

'h 1 

1 

'h 1 

1 

'h 1 

b 

'h3 

F3 

'h3 - 

I 

F3 

'h 3 

I 



MJS77-3-270 

Table 25. P R A  Composi te  Mode Sequence Diagram 

1 FULL 
SEQUENCE 
30 fn#nsr 

CR-I CR-2 CR-3 CR-4 CR-5 CR-6 ENC 



Table 26. P R A  Level Mode Command Sequence 

LEVEL 1 0  1 0  0  0  0 0 0 0  0  0  0  

C O N F G  1 C l l  C1O C9 '8 C7 '6 C5 C 4  
1  0 0 0  

LEVEL 2 0  1 0  0  0 0 0  0 0 0 0  0 

C O N F G  2 C l l  '9 '8 C7 '6 C5 C4 1 0  0  1 

LEVEL 

C O N F G  

LEVEL 

C O N F G  

LEVEL 

C O N F G  

LEVEL 

C O N F G  

LEVEL 

C O N F G  

LEVEL 

C O N F G  

HARAD 

C O N F G  



5. 4 P l a s m a  Wave Subsy s t e m  (P WS) 

5. 4 .1  D i s c r e t e  C o m m a n d s  

The FDS sha l l  provide t h r e e  d i s c r e t e  pulse  c o m m a n d s  to a c c o m m o -  
da te  the following PWS functions: 

a )  Initiating the analog to d ig i ta l  convers ion  p r o c e s s  

b) S t e p p i n g t h e n a r r o w b a n d p a s s f i l t e r .  

c )  Reset t ing  the n a r r o w  bandpass  f i l t e r  to a known position. 

Bi- L e v e l  C o m m a n d s  

The FDS sha l l  provide  two bi- level  c o m m a n d s  to: 

a )  Se lec t  the input  p r e a m p l i f i e r  ga in  and 

b) Activate the waveform a n a l y z e r .  

5. 4. 3 Specia l  F r e q u e n c i e s  

The  FDS sha l l  provide a continuous 1 7 2 . 8  kHz s ignal  to  synchronize  -.. 
the PWS analog t o  d ig i ta l  c o n v e r t e r .  

5 . 4 . 4  Data  Acquisi t ion 

PWS da ta  acquis i t ion  sha l l  be control led  by the FDS. In the s t ep  
f requency mode two PWS analog outputs  sha l l  be routed to  the FDS 
engineer ing c o m m u t a t o r  f o r  analog convers ion  by the engineer ing 
ADC. In the PWS waveform m o d e ,  da ta  acquis i t ion  sha l l  be con- 
t ro l led  by the f requency a t  which the FDS in i t i a t es  the analog to 
d ig i ta l  convers ion  p r o c e s s .  

5.- 4. 5 Data Mode s 

The  PWS sha l l  o p e r a t e  in two di f ferent  da ta  m o d e s  - s t e p  f requency 
and waveform (t s t e p  f requency) .  In  the s t e p  f requency mode  the 
PWS r o u t e s  analog da ta  to  the FDS. The FDS subsequently p rov ides  
8-bit  convers ion  and i n s e r t s  th i s  da ta  into the high r a t e  d a t a  
channel .  In the waveform m o d e ,  a  PWS 8-bi t  word ( two consecut ive  
4-bit  s a m p l e s )  is routed to the FDS e v e r y  6 9 . 4 4  p s  which i s  then 
i n s e r t e d  into the high r a t e  channel .  N o r m a l  s t e p  f requency o p e r a -  
tion is a l s o  mainta ined when in  the  waveform mode.  

Data Mode Sequencing 

The PWS sha l l  o p e r a t e  in the s t e p  f requency mode  except  f o r  
se lec ted  p e r i o d s  dur ing the  J u p i t e r  encounter  phase  when imaging - 
da ta  i s  not being acqu i red  and the te lecommunicat ions  capabil i ty 
c a n  suppor t  11 5. 2 kbps. 



Low Energy  Charged P a r t i c l e  Subsystem ( L E C P )  

5. 5.1 D i sc re t e  Commands 

The FDS shal l  provide t h r ee  (3) d i s c r e t e  pulse commands  to 
accommodate  the following L E C P  functions: 

a )  Stepping the L E C P  ro ta tor  to the next position in  the direct ion 
i t  i s  traveling.  This  command shal l  occur  eve ry  8 m  in c r u i s e  
and every  24 s during encounter.  

b) Stepping the L E C P  ca l ib ra te  and housekeeping analog 
mu1 tiplexe r s . 

c )  Reset t ing the L E C P  ca l ib ra te  and housekeeping analog multi-  
p l exe r s  to a known position. 

5. 5 .2  Se r i a l  Commands 

The FDS shal l  provide a 12-bit and a 7-bit s e r i a l  command word to 
the LECP.  The 12-bit  command word shal l  control  the ins t rument  
configuration (including the motor  stow mode (MOSTO) a s  descr ibed 
in  paragraph  5. 5.9) and the 7-bit command shal l  control  the r a t e /  
s ta tus  da ta  readout. The FDS shal l  send the 12-bit  L E C P  configu- 
ra t ion command every  48 seconds. Ra te  commands  shal l  be sup- 
plied a s  a function of data  mode. 

Bi- Level  Commands 

The  FDS shal l  supply a bi-level command to s e l ec t  the appropr ia te  
s e t  of redundant in terface l ines.  

5. 5. 4 Special  Frequenc ies  

The FDS shal l  supply a continuous 201.6 kHz clock which i s  used 
f o r  in te rna l  ins t rument  timing and PHA digitizing. 

0 

5. 5. 5 Interface Redundancy 

The FDS shal l  provide redundancy f o r  those L E C P  functions a s  
specified in MJS77-3- 110 to  complement  existing ins t rument  redun- 
dancy. Redundant functions shal l  be selected a s  a s e t  by the FDS 
upon rece ip t  of a ground command. 

5. 5 .6  FDS L E C P  110  Logic Redundancy 

The FDS shal l  provide redundant L E C P  I /O logic which is selectable  
by ground command. 



5. 5. 7 L E C P  Data  Acquisi t ion 

L E C P  data  acquis i t ion  shal l  be control led by the f requency a t  which 
the FDS i s s u e s  PHA and RATEISTATUS word g a t e s .  The FDS shall  
i s s u e  these  word g a t e s  s o  a s  to  g e n e r a t e  L E C P  d a t a  a s  specif ied in  
Tab le  27. 

L E C P  Encounter  Data  Modes  

The FDS sha l l  provide  two da ta  m o d e s  f o r  the L E C P  dur ing the 
encounter  phase  - one f o r  f a r  encounter  and one f o r  n e a r  encounter  
(-E *3 d a y s ) .  In both m o d e s  the L E C P  d a t a  r a t e  sha l l  be 600 bps. 
In the f a r  encounter  mode  the p ropor t ion  of RATEISTATUS to  PHA 
da ta  sha l l  be 400 and 200 bps respect ively .  During the n e a r  en- 
coun te r  mode the  e n t i r e  600 bps sha l l  be devoted to RATEISTATUS 
da ta .  Select ion between the f a r  encounter  and n e a r  encounter  m o d e s  
sha l l  be by ground command .  

The readou t  s t r u c t u r e  f o r  both the f a r  encounter  and n e a r  encounter  
m o d e s  sha l l  be a s  shown on F i g u r e  12. 

The RATEISTATUS s a m p l e  o r d e r  f o r  f a r  encounter  sha l l  be a s  
shown on F i g u r e  13. PHA sampl ing is not shown but sha l l  o c c u r  a t  
the t i m e s  indicated on F i g u r e  12. N e a r  encounter  sampl ing sha l l  be - 
as shown on F i g u r e  14.  The n u m b e r s  r e f e r  to speci f ic  g r o u p s  of 
L E C P  r a t e  channels .  

5. 5 . 9  L o s s  of Sun Algor i thm 

The CCS, upon receiving the l o s s  of sun gate  s ignal  f r o m  the AACS, 
shal l  send the a p p r o p r i a t e  c o m m a n d s  to the FDS to  modify the L E C P  
configurat ion command .  The  command sha l l  be modified s o  as  to 
r o t a t e  the L E C P  into the parking posi t ion which p l a c e s  the 0 deg 
end of the L E P T  behind the sunshade.  

Pho topo la r imete r  Subsys tem ( P P S )  

5 . 6 . 1  S e r i a l  Command 

T h e  FDS sha l l  provide  a 12 bi t  s e r i a l  command to  con t ro l  a l l  
i n s t r u m e n t  opera t ing  modes .  T h i s  command sha l l  con t ro l  the 
following functions: 

a) F i l t e r  wheel  pos i t ion  

b) P o l a r i z a t i o n  a n a l y z e r  wheel  posi t ion 

c )  A p e r t u r e  whee l  posi t ion 

d)  High voltage swi tch  



e) J mode init iate 

f )  Sun senso r  inhibit 

g)  High voltage control  over r ide  

Table 27. L E C P  Data Acquisition Schedule 

:: 
Allocations shown a r e  only representat ive.  F ina l  r a t e s  and allocations 
a r e  TBD.  

4 

RATE /STATUS 
Data 
(bps 

5-5/9 

PHA 
Data 
(bps) 

11- 1/9 

r 

Cru i se  Mode 

CR- 1 

CR-2 

CR-3 

F 

CR-4 

CR- 5 

CR-6 

L E C P  
Allocation 

(bps)  

128* 

6 4* 

6 4* 

-32% 

16-2/3* 

16-213 

CR-7 

CR-8 

CR-9 

Al l  
Encounter 

Modes 

* 

F o r m a t s  and allocations wil l  not be  

developed unti l  extended mis s ion  

approval  is given. 

6 00 

600 

( F a r  
200 Enc) 

(Near  
O Enc) 

( F a r  
400 Enc)  

600 (Near 
Enc)  

J 



T = O  T = 6 0  m s  
F -R 
N-R 

200 ms 

F - R  F-P 
N-R 

T = 2 0 0  ms  T = 2 6 0  ms 
F -R 
N-R 

400 m s  

N-R 

T = 1 0 0  ms  

100 ms 

F -R 
N-R 

T = 4 0 0  ms  T=460  ms  
F - R  
N-R 

600 ms  ( r e p e a t )  
T = 5 0 0  ms  - 

F-P 
N-R 

T = 3 0 0  ms 
F -R F-P  

F = F a r  Encoun te r  Mode N = Near  Encoun te r  Mode 

300 ms 

N-R 

R = R a t e  Data  P = PHA Data  

N-R 

F i g u r e  12 .  L E C P  Encoun te r  Mode Readout  S t r u c t u r e  

500 ms  



T=24 s 

Figure 1 3 .  LECP Far Encounter Format 

T = 1 . 2  s 

T=12 s 
Figure 14. LECP Near Encounter Format 



5 . 6 .  2 P P S  Data  Acquisi t ion 

P P S  d a t a  acquis i t ion  s h a l l  be control led by the  P P S  DataICount  
Cont ro l  s ignal  supplied by the FDS. When th i s  s ignal  is low, the 
P P S  is accumulat ing counts .  When the s ignal  g o e s  high, the P P S  
sha l l  load 30 b i t s  of d a t a  into its output r e g i s t e r  with the next  
o c c u r r e n c e  of the shi f t  clock.  The da ta  sha l l  be t r a n s f e r r e d  to  the 
FDS with the following 30 shif t  c lock pulses .  P P S  data  shal l  be 
acqu i red  at the r a t e s  shown i n  T a b l e s  2 and 6. 

5 . 6 . 3  Data  C o m p r e s s i o n  Algor i thm 

P P S  d a t a  p resen ted  to  the  FDS sha l l  c o n s i s t  of a 20 bit sc ience  d a t a  
word followed by 10 b i t s  of s t a t u s  data .  The FDS sha l l  c o m p r e s s  
all P P S  20-bit  sc ience  d a t a  w o r d s  into 1 4  bi ts ;  a 4-bi t  exponent (A)  
and a 10-bit  m a n t i s s a  (B) .  When c o m p r e s s e d  P P S  d a t a  is i n s e r t e d  
into the  t e l e m e t r y  s t r e a m ,  the exponent  (A)  sha l l  p r e c e d e  the 
m a n t i s s a  (B).  In pe r fo rming  th i s  c o m p r e s s i o n  a lgor i thm,  the FDS 
shall:  

a )  Count the  n u m b e r  of leading " z e r o s "  ( L Z )  until  a "one" is 
found in  the u n c o m p r e s s e d  word.  

b) Set  A = 1 0 - L Z  but never  l e s s  than z e r o .  

c )  If A = 0,  t r a n s m i t  the 10 LSBs of the uncompressed  word 
a s  B. 

d )  If A # 0,  t r a n s m i t  the 10 MSBs following the MSB equal  to 
one of the uncompressed  word a s  B. 

5 . 6 . 4  Data  Modes  

The  P P S  sha l l  o p e r a t e  in one of t h r e e  data  m o d e s  a s  a function of 
m i s s i o n  phase: C r u i s e ,  Encounter ,  and Specia l  Occultation. 

5.6.  4. 1 Encounte r  Mode Operat ion.  The encounter  mode  sha l l  c o n s i s t  of 
s tepping,  by FDS c o m m a n d ,  5 a n a l y z e r  wheel  pos i t ions  f o r  e a c h  of 
8 f i l t e r  whee l  posi t ions.  In addit ion i t  sha l l  be poss ib le  to hold the 
f i l t e r  wheel  in  any posi t ion while cycling the a n a l y z e r  wheel ,  o r  to 
hold any of these  combinat ions  throughout the d a t a  f r a m e .  The da ta  
f r a m e  c o m p r i s e s  40 m e a s u r e m e n t s  of 600 m s .  each.  E a c h  m e a s -  
u r e m e n t  sha l l  c o n s i s t  of 400 ms. of count accumula t ion  and 200 m s .  
of wheel  positioning. 

5. 6 .  4. 2 C r u i s e  Mode Operat ion.  The c r u i s e  mode  sha l l  c o n s i s t  of s tepping,  
by FDS command ,  the  a n a l y z e r  wheel  and f i l t e r  wheel  a s  i n  the 
encounter  mode .  In addit ion,  it sha l l  be poss ib le  to  execute  fixed 
opera t ions  w h e r e ,  by command ,  any one of the  combinat ions  c a n  be 

-* 

held f ixed,  The f r a m e  t i m e  sha l l  v a r y  in  a c c o r d a n c e  with the  diff- 
e r e n t  c r u i s e  da ta  r a t e s .  



5.6 .4 .3  Special  Occultation Mode Operation. The spec ia l  occultation mode 
sha l l  consis t  of maintaining a fixed configuration (changeable by  com- 
mand f rom occultation t o  occultation). In t h i s  mode eve ry  600 ms.  
t he  FDS sha l l  t ransmi t :  

a )  One complete 24 bit  sample  ( a  4-bit exponent, 10 bi t  mant i ssa ,  
and 10 bi ts  of s ta tus)  and 

b) 59 10 bit  log compressed  samples  where  e a c h  sample  is com- 
pr ised of the 3 LSBs of the exponent and the 7 MSBs of the 
mant issa .  

5. 7  P l a s m a  Subsystem (PLS) 

Discre te  Commands 

The FDS shal l  provide two d i sc re t e  pulse commands to accommodate  
the following P L S  functions: 

a )  Stepping the P L S  analog monitor mult iplexer  

b) Resett ing the P L S  analog monitor  mult iplexer  to a known 
position. 

5. 7 . 2  Se r i a l  Command 

The FDS shal l  supply a 12 bit s e r i a l  command (only the 8 LSB's a r e  
used) to control  P L S  ins t rument  p a r a m e t e r s  and sequencing including 
the in- flight cal ibrat ion sequence.  

Special  Frequenc ies  

The FDS shal l  provide two special  f requencies  to  control  the 
following P L S  functions: 

a )  A continuous 230.4 kHz clock used by the PLS f o r  digitization 
of analog s ignals  and in te rna l  timing. 

b) A continuous squarewave which defines the P L S  integra-  
tion t ime  for  the normal  ( 0 . 2 4  s) and f a s t  (0 .  06 s) sequences.  

5.  7 . 4  Data Acquisition 

P L S  data acquisit ion shal l  be controlled by the frequency a t  which 
the FDS i s s u e s  the P L S  data word gate.  Each  occur rence  of the 
word gate  shal l  cause  the t r ans fe r  of a 16 bit data  word into the 
FDS. .The P L S  data  acquisit ion r a t e ,  a s  a function of t e lemet ry  
mode, shal l  be a s  specified in Tables  2 and 6. 



5. 7. 5 Data  Words  

E a c h  P L S  d a t a  word sha l l  be 16 bi ts  long and r e p r e s e n t  a n  8-bi t  
logar i thmic  c o m p r e s s i o n  of the ampl i tude  of a m e a s u r e m e n t  chain  
output and 8 bi ts  of s t a tus .  The  i n s t r u m e n t  sha l l  t r a n s m i t  to the 
FDS, one word f o r  each of t h r e e  m a i n  d e t e c t o r  channels  and one 
l a t e r a l  d e t e c t o r  channel  f o r  e a c h  energy  l eve l  in  each  mode.  The 
n u m b e r  o r  w o r d s  p e r  mode  sha l l  be a s  follows: 

a L Mode: 16 m e a s u r e m e n t s  6 4  d a t a  w o r d s l c y c l e  

b) M Mode: 128 m e a s u r e m e n t s  512 d a t a  w o r d s l c y c l e  

C )  E l  Mode: 16 m e a s u r e m e n t s  6 4  d a t a  w o r d s l c y c l e  

d) E 2  Mode: 16 m e a s u r e m e n t s  6 4  d a t a  w o r d s l c y c l e  

Data  Modes  

T h e  P L S  s h a l l  o p e r a t e  in f o u r  d a t a  m o d e s  - L ,  M,  E l ,  and E2 .  
Data  mode  se lec t ion  sha l l  be via the  two MSB's  of the 8 bit s e r i a l  
command word .  

-. 

5. 7. 7 Data  Mode Sequencing 

The FDS sha l l  send c o m m a n d s  and s a m p l e  c lock p u l s e s  to achieve  a 
d a t a  cyc le  containing the following e lements :  - 
N o r m a l  C r u i s e  Seauence 

a )  L Mode (Main and L a t e r a l  De tec to r )  16 P o s i t i v e  Ion L e v e l s 1  
Col lec to r  

b) M Mode (Main De tec to r )  128 P o s i t i v e  Ion L e v e l s / C o l l e c t o r  

c )  E Mode ( L a t e r a l  De tec to r )  16 E l e c t r o n  L e v e l s  1 

d)  E 2  Mode ( L a t e r a l  De tec to r )  16 E l e c t r o n  L e v e l s  with option fo r  
e i t h e r  2 E l  o r  2 E2  Modes .  

F a s t  C r u i s e  Sequence 

a )  M Mode (Main De tec to r )  128 P o s i t i v e  Ion L e v e l s / C o l l e c t o r  

b) E l  Mode ( L a t e r a l  De tec to r )  16 E l e c t r o n  L e x e l s  



Encounter Sequence 

a)  L Mode (Main and La te ra l  Detector)  16 Posi t ive  Ion Levels /  
Collector 

b) M Mode (Main and La te ra l  Detector)  128 Posi t ive , Ion Leve l s /  
Collector 

C) E l  Mode ( L a t e r a l  Detector)  16 Elec t ron  Levels  

d) E2 Mode ( L a t e r a l  Detector) 16 Electron Levels  

5. 7 . 7  Data P roces s ing  

The FDS processing of P L S  data shal l  be a s  follows: 

F a s t  Cru i se  Sequence 

All of the l a t e r a l  detector  E mode da ta  and al ternately  the f i r s t  and 
l a s t  96 samples  of each ma in  detector  output in the M mode shal l  be 
t ransmit ted.  

Normal  Cru i se  Sequence 

All of the L mode data ,  a l l  l a t e r a l  de tec tor  E mode data  and a l t e r -  
nately, the f i r s t  and l a s t  96 samples  of each main  detector  output 
in the M mode shal l  be t ransmit ted.  

Encounter Sequence 

All of the L mode data ,  a l l  l a t e r a l  de tec tor  E mode data and a l t e r -  
nately the f i r s t  and l a s t  72 samples  f o r  a l l  four detector  channels in 
the M mode shal l  be t ransmit ted.  

5. 8 Ultraviolet  Spec t rometer  Subsystem (UVS) 

5. 8 .1  D i sc re t e  Command 

The FDS shal l  provide one d i sc re t e  pulse  command which o c c u r s  
twice each 96 s and r e s e t s  word select ion to words  1 and 2 (odd 
and even). 

5.8.  2 Bi- Level  Control  Commands 

The FDS shal l  supply four (4) bi-level control  l ines  to the UVS to 
control  ins t rument  operating modes.  Three  l ines  shal l  be used to 
s e t  the UVS high voltage. The fourth l ine shal l  be used to se lec t  
between the pulse counting mode and the pulse integration mode. 
A "0" shal l  command the pulse integration mode whereas  a "1" 
shal l  command the pulse counting mode. 



5. 8. 3 Data  Acquisi t ion 

UVS da ta  acquis i t ion  sha l l  be control led  by the UVS R e g i s t e r  Load 
Gate  s ignal  supplied by the FDS. T h i s  s ignal  sha l l  command the 
UVS to load i t s  two 16-bi t  output r e g i s t e r s  with the next  p a i r  of 
words .  These  two 16-bi t  w o r d s  sha l l  be s imul taneously  t r a n s f e r r e d  
to the FDS by the nex t  16 shif t  c locks  following the end of the 
R e g i s t e r  Load Gate  signal .  UVS data  shal l  be acqu i red  a t  the r a t e s  
and in  the m o d e s  shown in Table  28. 

5. 8. 4 Data C o m p r e s s i o n  Algor i thm 

UVS da ta  p resen ted  to  the FDS shal l  c o n s i s t  of 16 bi t  w o r d s .  The 
FDS sha l l  c o m p r e s s  a l l  16 bit w o r d s  into 10 bi ts ;  a 4-bit  exponent  
( A )  and a 6-bi t  m a n t i s s a  (B) .  When c o m p r e s s e d  UVS da ta  i s  inse r t ed  
into the t e l e m e t r y  s t r e a m ,  the  exponent ( A )  shal l  p r e c e d e  the 
m a n t i s s a  (B) .  In pe r fo rming  th i s  c o m p r e s s i o n  a lgor i thm,  the  FDS 
shall:  

a )  Count the n u m b e r  of leading " z e r o s "  ( L Z )  unti l  a "one" i s  
found in the uncompressed  word.  

b) Set  A = 10-LZ but never  l e s s  than z e r o .  
.-- 

c)  If A = 0 ,  t r a n s m i t  the  6 LSB 's  of the u n c o m p r e s s e d  word a s  B. 

d )  If A # 0 ,  t r a n s m i t  the 6 MSB's  following the MSB equal  to 
"one" a s  B. 

5. 8. 5 Data  Modes  

T h e  UVS sha l l  o p e r a t e  i n  one of two data  m o d e s  a s  a function of 
m i s s i o n  phase .  The  pulse  in tegra t ion mode  sha l l  be used dur ing 
encounter  and s o l a r  occul ta t ions  w h e r e a s  the pulse  counting mode  
sha l l  be used dur ing c r u i s e .  

5. 8.6 Data  Buffer ing 

When the UVS al locat ion is less than 64 bps,  the FDS sha l l  e x t r a c t  
the  full 128 m e a s u r e m e n t  s p e c t r u m  i n  l e s s  than 20 s and buffer the 
da ta  a s  n e c e s s a r y .  

5. 8. 7 UVS Load Gate  Inhibit 

Dur ing c r u i s e  p e r i o d s  when a given s p a c e c r a f t  is not being t racked 
it sha l l  be poss ib le  to inhibit  the UVS load ga te  and thus  al low 
s p e c t r a  accumula t ion  o v e r  th i s  in terval .  Implementa t ion de ta i l s  
r egard ing  th i s  function a r e  TBD. 



Table 28. UVS Data Acquisition Schedule 

UVS Data  Mode 

Pu l se  Counting 

P u l s e  Counting 

P u l s e  Counting 

Pu l se  Counting 

P u l s e  Counting 

Pu l se  Counting 

Cru i se  Mode 

CR-1 

CR.- 2 

CR - 3 

CR-4 

CR - 5  
- 

CR-6 

UVS Allocation 
(bps)  

48:: 

4  8"' 

24*  

3*  

2 -219  
I 

CR, - 7 

CR-8 

CR-9 

All Encounter  
Modes except  
Special  
Occultation 

Special  
Occultat ion 

F o r m a t s  and allocations will  not be  

developed until extended mi s s ion  

approval  i s  given. 

333- 113 

4 0 0 0  

Pu l se  Integration 

Pu l se  Integration 



5 . 9  Magnetometer Subsystem (MAG) 

5.9.1 Discrete Commands 

The FDS shall provide 4 discrete  pulse commands to accommodate 
the following MAG functions: 

a )  SAMPLE which initiates an analog to  digital conversion of 
the selected magnetometer and loads the resultant data 
(72 bits) into the MAG output registers .  

b) RESET which loads WAG status data (24 bits)  into the MAG 
status data output register  and defines the time when auto- 
matic gain change occur s. 

c) Stepping the analog multiplexer. 

d) Resetting the analog multiplexer to a known position. 

5.9.2 Serial  Commands 

The FDS shall  supply the MAG with two 12 -bit se r i a l  command 
words. The first command sent shall  control the inboard sensors  
and associated electronics whereas the second word shall  control 
the outboard sensors  and associated electronics. 

5 . 9 .  3 Special Frequencies 

The FDS shall provide the MAG with four special frequencies. Each 
frequency shal l  be used to  generate MAG sensor drive frequencies. 
The special frequencies shall be: 

a )  5 0 . 4 k H z  

b) 5 3 . 7 6  kHz 

c) 6 0 . 4 8  kHz 

d) 64. 512 kHz 

5 . 9 . 4  Interface Redundancy 

The FDS shall  provide redundancy for those MAG functions a s  
specified in MJS77 - 3 - 1 1 0  t o  complement existing instrument 
redundancy. Redundant functions in the FDS shall be selected a s  
a set by the FDS upon receipt of a ground command. Redundant 
functions in the MAG a r e  selected by the choice of the MAG power 
s UPP~Y 

5.9. 5 Data Acquisition 

MAG data acquisition shall  be controlled by the FDS. Only low 
field magnetometer (LFM) data shall  be acquired during cruise 
whereas both LFM and high field magnetometer (HFM) data shall ."." 

be acquired during encounter. The data acquisition rate  a s  a 
function of telemetry mode shall  be a s  shown in Table 29. 
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Table 29. MAG Data ~ q u i s i t i o n  Schedule 

* 
Values shown a r e  typical. Exact values must  await  FDS cru ise  mode p rogram 
coding . 

5.9.6 * Data Process ing  

L F M  Data 
Process ing  

Mode 

Straight  
Averaging 

Straight 
Averaging 

Straight 
Ave raging 

- 

6-Bit  
Differencing 

Delta 
Modulation 

Delta 
Modulation 

The FDS shal l  provide th ree  types of data processing for MAG LFM 
data depending on the te lemetry  mode in effect. These  a r e  straight 
averaging, 6 -bit differencing, and delta modulation. The f o r m  of 
data processing in use for  each t e l eme t ry  mode shal l  be a s  speci- 
fied in  Table 29. 

Secondary 
Sensor  

(bps) 

600 

150 

37 .  5 

11.25  

17. 1875 

2.1875 

5.9.6.1 LFM Straight Averaging Mode. In th is  mode 12-bit samples  f r o m  
the outboard LFM and 12-bit samples  f r o m  the inboard LFM shal l  

P r i m a r y  
Sensor 

(bps) 

600 

300 

150 

82. 5 

29.6875 

3.75 

CR-7 

CR-8 

CR-9 

All 
Encounter 

Modes - 

be averaged by the FDS and the  resul tant  averages inser ted into the 
output data s t ream.  There  shall  be N and N points per  average 
for  the p r imary  and secondary MAGS ap and 3, respectively,  a s  
shown in  Table 30. 

LFM 
(bps) 

1200 

4 50 

187.5 

93.75 

46.875 

5.9375 

HFM 
(bps) 

0 

0 

0 

0 

0 

0 

Cruise 
Mode 

CR-l* 

CR-2" 

CR-3* 

CR-4* 

CR-5* 

CR-6 

I 

F o r m a t s  and allocations will not be developed until 
extended miss ion  approval i s  given. 

MAG 
Allocation 

( bps) 

1200 

450 

187. 5 

93.75 

46. 875 

5.9375 

210 (LFM) 

60 (IB HFM) 

420 (LFM) 

60 (OB HFM) 
b 

. 
6-Bit  
Differencing 630 i' 50 120 



MJS77-3-270 

Tab le  30. FDS L F M  Data  P r o c e s s i n g  

5. 9 . 6 .  2 L F M  6-Bi t  Differencing Mode. In th i s  mode  6-bi t  d i f fe rences  of 
a v e r a g e s  and l e s s  f requen t  ful l  12-bi t  a v e r a g e s  sha l l  be produced by 
the FDS and i n s e r t e d  into the output da ta  s t r e a m .  The 6-  bit d i f fer -  
e n c e s  of a v e r a g e s  which a r e  inse r t ed  into the d a t a  s t r e a m  sha l l  be 
the 6 LSB' s of the full 12- bi t  a v e r a g e .  The number  of points  p e r  
a v e r a g e  sha l l  be a s  shown by N and Ns and the  r a t i o  of the number  
of 6-bi t  to full w o r d s  sha l l  be aE shown by K and Ks in Table  30. 

P 

*Values shown a r e  typical .  Exact values  m u s t  await  FDS c r u i s e  mode 
p r o g r a m  coding. 

C r u i s e  
Mode 

CR- l*  

CR-2* 

CF.- 3 * 

CR-4* 

CR-5* 

CR-6 

All 
Encounte r  

Modes  

L F M  F u l l  12 Bi t  Words  

L F M  Ful l  12  B i t  Words  

K 
P 

20 

K 
s 

4 

Ns/Np 

1 

2 

4 

N~ 

1 

2 

4 

Ns 

1 

4 

16 

L F M  Ful l  12  B i t  Words  

L F M  6 B i t  Differencing Words 

K 
P 

32 

30 

N 
P 

4 

K 
S 

16 

1 5  

Ns 

4 0 

L F M  F u l l  12 B i t  Words  

Ns/Np 

10 

L F M  2 B i t  DM Words  

K 
P 

5 

K 
s 

5 

NslNp 

2 

2 

N 
P 

4 

30 

N~ 

8 

60 

L F M  6 B i t  Differencing Words  

N 
P 

1 

Ns 

2 

NslNp 

2 



5 . 9 . 6 . 3  LFM Delta Modulation Mode. This  mode is analagous to the 6-bit 
differencing mode except that the 6-bit  difference of averages  shall  
be replaced with 2-bit delta modulation (DM) of averages .  The num- 
ber  of points per  average shall  be a s  specified by Np and Ns, and 
the ra t io  of the number of 2- bit DM words to full 12-bit words shall  
be a s  specified by K and Ks in Table 30. 

P 

5. 10 Imaging Science Subsystem (ISS) 

5. 1 0 . 1  Separate Camera  Operation 

The FDS shall  supply separa te  and independent timing and control  
functions for the WA and NA cameras .  

5.10.2 Discrete  Commands 

The FDS shall supply d i sc re t e  pulse commands to accommodate the 
following ISS functions: 

a )  Opening the c a m e r a ' s  shutter 

b) Closing the c a m e r a ' s  shut ter  

c)  Resetting both shut ter  blades to  the unshuttered position 

d) Initiating light flooding 

e)  Initiating the analog- to-digital convers ion p roces s  

f )  Stepping the f i l t e r  wheel 

g) Stepping the engineering analog mult iplexer  

h) Resett ing the analog mult iplexer  to a known position 

5.10.3 Ser ia l  Command 

The FDS shal l  provide a four  bit s e r i a l  command of which three  bi ts  
a r e  used to s e t  the G1 vidicon voltage and one bit i s  used to de t e r -  
mine the c a m e r a ' s  gain s ta te .  

Bi- Level  Commands 

The FDS shal l  supply bi-level commands to accommodate  the 
following ISS functions: 

a )  Defining which c a m e r a  i s  being read out and e ra sed  

b) Controlling the ver t ica l  sweep during the e r a s e  cycle 

c) Controlling the horizontal  sweep 



d )  Controll ing the  s t a t u s  of the  beam 

e)  Controll ing the  e l e c t r o n i c s  c a l i b r a t e  mode  

f) Controll ing the op t i cs  c a l i b r a t e  mode  (NA only) 

5.10. 5 Specia l  F r e q u e n c i e s  

The  FDS s h a l l  provide  a continuous 172. 8 kHz c lock  used to  provide  
bi t  sync  f o r  video analog-to-digital  convers ion .  

5 . 1 0 . 6  Filter Wheel Operat ion 

The FDS sha l l  independently con t ro l  the  WA and NA f i l t e r  whee l s  by 
ground command  o r  via s t o r e d  sequences  i n  FDS m e m o r y .  I t  sha l l  
be poss ib le  to  advance e i t h e r  the  WA o r  NA f i l t e r  wheel  f r o m  0 to 4 
s t e p s  dur ing  the  cor respond ing  p r e p a r e  cycle .  

5.10.7 E x p o s u r e  Cont ro l  

5.10.  7 . 1  Shut ter  Operat ion.  The FDS sha l l  con t ro l  the  ISS s h u t t e r s  based 
upon ground c o m m a n d s  o r  s to red  sequences .  The length of t h e s e  
s to red  s e q u e n c e s  sha l l  be long enough to f i l l  the tape  r e c o r d e r .  The 
e x p o s u r e  t i m e  and m o d e  ( f ixed o r  au tomat ic ) ,  with the except ion of - 
the  s imul taneous  exposure  mode ,  m a y  be se lec ted  independently f o r  
e a c h  c a m e r a .  The FDS sha l l  be a b l e  to  s t o r e  sequences  of s h u t t e r  
c o m m a n d s  involving the  fixed mode  and the au tomat ic  exposure  
mode.  

5. 10. 7. 2 F ixed Mode. In the  fixed m o d e ,  the  FDS sha l l  be capable  of com-  
manding any  of the  e x p o s u r e  t i m e s  l i s ted  in  Table  31. 

5. 10. 7. 3 Automat ic  Mode. In the au tomat ic  mode ,  the FDS, in  r e s p o n s e  to a 
 round command o r  s to red  sequence,  sha l l  s e t  the e x p o s u r e  of the - 
f i r s t  p i c t u r e  of the  au tomat ic  exposure  sequence t o  thk exposure  
t i m e  indicated by the command .  When the p ic tu re  i s  r ead  out,  the 
FDS sha l l  p e r f o r m  a n  a v e r a g e  of a l l  p ixe l s  t h a t  exceed TBD DN. 
The pixel  a v e r a g e  sha l l  be computed f o r  e a c h  c a m e r a  independently. 
If the  n u m b e r  of p ixe l s  a v e r a g e d  exceeds  TBD, the  FDS sha l l  u s e  the  
pixel  a v e r a g e  accord ing  to the a p p r o p r i a t e  a l g o r i t h m  shown on 
F i g u r e s  1 5  and 16. If the n u m b e r  of p ixe l s  averaged  d o e s  not exceed 
TBD, the exposure  sha l l  not  change.  A s  long a s  the s y s t e m  r e m a i n s  
in the au tomat ic  mode ,  the  FDS sha l l  continue t o  u s e  the pixel  
a v e r a g e  of the p reced ing  p i c t u r e  of tha t  c a m e r a ,  accord ing  to the 
a p p r o p r i a t e  a lgor i thm.  In addit ion,  the FDS sha l l  automat ica l ly  
modify the ca lcula ted  e x p o s u r e  to accoun t  fo r  a change i n  f i l t e r -  
wheel  posi t ion accord ing  to  the following equation: 
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Table 3 1. ISS Exposure Intervals 

*commanded Exposure Times can be found by adding 2 .01  4 m s  to 
the value of E above. 



SET Ex = Ex-2 FOR NEXT PICTURE 

IF Ex-2 5 1, SET ExmZ = 1 

t 

NOTE: * THESE VALUES ARE TYPICAL AND ARE ADJUSTABLE DURING FLIGHT 

t 

Figure 1 5 .  Wide Angle Camera Auto Exposure Algorithm 

7 8 

(TBD) D N  ' 

* 
TBD D N  ' 

SET Ex = Ex+, FOR NEXT 

PICTURE IF Ex+l 1 24, SET 

Ex+l = 24 

iTBD) DN ' 

t 
SET Ex = Ex+2 FOR NEXT PICTURE 

IF Ex+;! 2 24, SET Exq = 24 

WHERE Ex = THE EXPOSURE NUMBER ASSOCIATED WITH 

THE PIXEL AVERAGE 1 5 Ex 5 24 

D N  = THE PIXEL AVERAGE 



SET Ex  = Ex,2 FOR NEXT PKTURE 

tF Ex-2 < 1, SET Ex-2 = 1 

4 

Figure 16.  Narrow Angle Camera Auto Exposure Alogrithm 

I 

W 

TBD DN * 

SET Ex = Ex+l FOR NEXT 

PICTURE IF Ex+l 1 24, SET 

Ex+l = 24 

- 

(TBD) . D N  

9 - 
SET Ex = Ex+2 FOR NEXT PICTURE 

IF Ex+2 2 24, SET Ex+2 = 24 

WHERE Ex = THE EXPOSURE NUMBER ASSOCIATED WITH 

TW PIXEL AVERAGE 1 5 Ex S 24 

DN = THE PIXEL AVERAGE 

NOTE: ' THESE VALUES ARE TYPICAL AND ARE ADJUSTABLE DURING FLIGHT 



Where 

E m  = the modified exposure number for  the next picture 

E i  = the calculated exposure number associated with a 
f i l ter  position Fi 

fi  = the f i l ter  number associated with f i l ter  position F i  

f j  = the f i l ter  number associated with the f i l ter  position 
of the next picture 

1 C E m  C 24 - 

- I See Table 31 for  exposure t ime ( E )  

1 < E i  < 24 and exposure  number (Ex)  
- - 

, See Tables  32 and 33 f o r  f i l ter  positions 
(F) and f i l ter  number (fx) 

The FDS shal l  be capable of modifying the values of fx during flight. - 
5.10. 7 .4  Long Exposure Mode. Long Exposures  a r e  defined a s  d i sc re te  

exposure t i m e s  which may be found f r o m  the following formula: 

Exposure Time (seconds) = N(96) + 0.240 

where N is a n  integer >O. 

The FDS shal l  be capable of applying long exposure to e i ther  camera  
independently. The f r ame  t ime for  tong exposure shall  be 48 s. 

5. 10. 7. 5 Simultaneous Exposure Mode. The FDS shall  be capable of shutter- 
ing the WA and NA c a m e r a s  simultaneously. The following con- 
s t ra in t s  apply when the simultaneous exposure mode i s  used: 

a )  F o r  each adjacent simultaneous exposure pair  with a 48 s 
f r ame  time, a period of 48 s will exis t  during which no imag- 
ing data can be transmitted.  Fo r  each adjacent simultaneous 
exposure pair  a t  other slow scan r a t e s ,  a period of 96 s will 
ex is t  during which no imaging data can be transmitted.  

b) The WA image m u s t  be stored on the vidicon for  one ISS 
read- f r ame  time. 

c )  The exposure of the two c a m e r a s  will end simultaneously. 
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T a b l e  32.  W i d e  Angle C a m e r a  F i l t e r  A s s i g n m e n t s  

T B D  

T a b l e  3 3 .  N a r r o w  Angle C a m e r a  F i l t e r  A s s i g n m e n t s  

T B D  



5. 10.  7 . 6  Light  Flooding.  The  FDS sha l l  have the capabil i ty by ground 
command  o r  f r o m  a s t o r e d  sequence": to enable  o r  d i sab le  the  
light-flooding l a m p s .  

5 . 1 0 . 7 . 7  P a r t i a l L i g h t F l o o d M o d e .  In t h i s m o d e  the F D S s h a l l p u l s e  the 
op t i c s  ca l ib ra t ion  l a m p s  while the shu t t e r  i s  open.  The fixed pulse  
i n t e r v a l  employed sha l l  be se lec ted  f r o m  the s e t  specif ied in p a r a -  
g r a p h  5 . 1 0 . 8 . 1 .  2 of th i s  document  to p roduce  a background video 
in tens i ty  l eve l  approx imate ly  10 p e r c e n t  of sa tu ra t ion .  The exposure  
i n t e r v a l  sha l l  be se lec ted  f o r  e a c h  p ic tu re  f r o m  the  s e t  l i s ted  in 
p a r a g r a p h  5.10.  8. 1 .  1 of th i s  document .  

5, 10.  8 In- Fl ight  Ca l ib ra t ion  

5, 10.  8. 1 Opt ica l  Ca l ib ra t ion .  The  FDS s h a l l  con t ro l  the  ISS NA opt ica l  
ca l ib ra t ion  function. T h i s  function m a y  be ini t iated by ground 
command  o r  via a  s t o r e d  sequence .  

5. 10. 8 . 1 .  1 Mode 1 - Cal ib ra t ion  With Shu t t e r s .  In t h i s  mode  t h e  FDS s h a l l  
t u r n  on the  NA c a l i b r a t i o n  l a m p s  and expose  eight f r a m e s  th rough  
eight  sequent ia l ly  inc  r eas ing  shu t t e r -con t ro l l ed  i n t e r v a l s .  T h e  
s h u t t e r  i n t e r v a l s  s h a l l  be :  

The frame t i m e  a s s o c i a t e d  wi th  t h i s  mode  sha l l  be 48 s .  

::: 
R e q u i r e m e n t  m a y  need to be negotiated pending a n a l y s i s  of FDS sof tware  
impac t .  

:: ::: 
T h e s e  n u m b e r s  a r e  typica l ,  a c t u a l  value TBD. 



5.10.8.1.2 Mode  2 - C a l i b r a t i o n  Without  S h u t t e r s .  In  t h i s  m o d e  t h e  F D S  s h a l l  
l e a v e  t h e  s h u t t e r  o p e n  w h i l e  pu l s ing  t h e  NA c a l i b r a t i o n  l a m p s  f o r  
e igh t  f r a m e s  t h r o u g h  e igh t  s e q u e n t i a l  t i m e  i n t e r v a l s .  T h e  l a m p  
i n t e r v a l s  s h a l l  be: 

J- 

a 120  m s  

T h e  f r a m e  t i m e  a s s o c i a t e d  wi th  t h i s  m o d e  s h a l l  be 48  s. 

5. 10.  8 .  2 E l e c t r o n i c  C a l i b r a t i o n .  T h e  F D S  on g round  c o m m a n d  o r  f r o m  a 
s t o r e d  s e q u e n c e  s h a l l  i n i t i a t e  a n  e l e c t r o n i c  s i g n a l  t o  t e s t  the  ISS 
s igna l  cha in .  T h i s  s i g n a l  s h a l l  l a s t  two ISS 4 8  s  f r a m e  t i m e s  
s y n c h r o n o u s  wi th  a  r e a d - f r a m e  s t a r t .  

5. 10.9 B e a m  C u r r e n t  On/Off  C o n t r o l  

T h e  F D S  s h a l l  have  the  c a p a b i l i t y  to  i ndependen t ly  s w i t c h  the  v id icon  
b e a m  c u r r e n t s  o n  and  off by g round  c o m m a n d  o r  f r o m  a s t o r e d  
s e q u e n c e .  T h i s  func t ion  s h a l l  be a r r a n g e d  s o  t h a t  the  m o s t  p r o b a b l e  
f a i l u r e  m o d e  w i l l  r e s u l t  i n  a v id i con  b e a m  on  condi t ion .  

5 . 1 0 . 1 0  D a t a  P r o c e s s i n g  

T h e  F D S  s h a l l  p r o v i d e  both in i t i a t i on  and  b i t  s y n c h r o n i z a t i o n  c o n t r o l  
f o r  the  ISS e igh t  b i t  v ideo  ana log - to -d ig i t a l  c o n v e r s i o n  p r o c e s s .  
T h e  F D S  s h a l l  p r o c e s s  t h e  imag ing  d a t a  s u c h  t h a t  i t  m a y  be: 

a )  R e c o r d e d  as f u l l - f r a m e  d a t a  (WA a n d / o r  NA). 

b) T r a n s m i t t e d  i n  r e a l - t i m e  u s i n g  f r a m e  t i m e s  of 4 8 s ,  969,  
1449, 240s ,  o r  4 8 0 s  (NA a n d / o r  WA). 

c )  T r a n s m i t t e d  a n d  r e c o r d e d  i n  r e a l - t i m e  (WA a n d / o r  NA). 

d )  T r a n s m i t t e d  e d i t e d  i n  r e a l - t i m e  (WA a n d / o r  NA). 

e )  T r a n s m i t t e d  a f t e r  r e c o r d i n g .  

4 
T h e s e  n u m b e r s  a r e  t yp ica l ,  a c t u a l  v a l u e s  w i l l  be  s e l e c t e d  t o  m a t c h  the  n u m b e r s  
i n  Mode  1 .  



5 . 1 0 . 1 1  D a t a  M o d e s  

In o r d e r  t o  t r a n s m i t  r e a l - t i m e  v ideo  d a t a  d u r i n g  n o r m a l  o p e r a t i o n s  
a t  e a c h  e n c o u n t e r ,  t he  F D S  s h a l l  have  the  capab i l i t y  to  p r o v i d e  the 
following d a t a  m o d e s .  Spec i f i ca l ly  which  m o d e s  wi l l  be i m p l e m e n t e d  
v i a  s o f t w a r e  s h a l l  be a  func t ion  of p r i o r i t i e s  g e n e r a t e d  a s  a  r e s u l t  
of m i s s i o n  planning a c t i v i t i e s  and  r e s o u r c e s  a v a i l a b l e  f o r  F D S  sof t -  
w a r e  d e v e l o p m e n t .  C u r r e n t  p r i o r i t i e s  f o r  imag ing  d a t a  m o d e  
d e v e l o p m e n t  a r e  spec i f i ed  in  MJS77-3-310.  T h e  t i m e  T F  i s  t h a t  
t i m e  r e q u i r e d  to  r e a d  ou t  a  s ing le  imag ing  f r a m e .  

5. 10 .  11 .  1  F u l l - F r a m e ,  F u l l  Reso lu t ion ,  T F  = 48 Seconds .  In t h i s  m o d e  e a c h  
p ixe l  of e a c h  l i n e  s h a l l  be r e a d  ou t  and  i n s e r t e d  in to  the  d a t a  s t r e a m  
e i t h e r  f o r  r e a l - t i m e  t r a n s m i s s i o n  o r  s t o r a g e  i n  the  DSS. T h e  
opt ion  s h a l l  e x i s t  t o  c o n c u r r e n t l y  r e c o r d  and  t r a n s m i t  t h i s  d a t a .  
F o u r  t y p e s  of c a m e r a  o p e r a t i o n  s h a l l  be p o s s i b l e  wh i l e  ope ra t ing  in  
t h i s  m o d e .  T h e y  a r e :  

a )  A l t e r n a t e  c a m e r a .  

b) S i m u l t a n e o u s  e x p o s u r e .  

c )  S ingle  c a m e r a  (NA o r  WA). 

d )  Long e x p o s u r e .  

5. 10 .  1 1 . 2  F u l l - F r a m e ,  F u l l - R e s o l u t i o n ,  T F  = 96 S e c o n d s  (2 :  1  Slow S c a n ) .  
T h i s  m o d e  i s  i den t i ca l  t o  t h a t  d e s c r i b e d  in  p a r a g r a p h  5. 10.  11 .  1  
e x c e p t  t h a t  t he  f r a m e  r e a d o u t  t i m e  i n c r e a s e s  to 96 s .  T h i s  m o d e  
s h a l l  be u s e d  f o r  r e a l - t i m e  t r a n s m i s s i o n  only. T h r e e  t y p e s  of 
c a m e r a  o p e r a t i o n  s h a l l  be p o s s i b l e  whi le  o p e r a t i n g  i n  t h i s  m o d e .  
They  a r e :  

a)  A l t e r n a t e  c a m e r a .  

b) S i m u l t a n e o u s  e x p o s u r e .  

c )  S ingle  c a m e r a  ( N A  o r  WA). 

5. 10 .  11 .  3 F u l l -  F r a m e ,  F u l l - R e s o l u t i o n ,  TF = 1 4 4  S e c o n d s  ( 3 :  1 Slow Scan) .  
T h i s  m o d e  i s  i d e n t i c a l  t o  t h a t  d e s c r i b e d  i n  p a r a g r a p h  5. 10 .  11 .  1 
e x c e p t  t h a t  the  f r a m e  r e a d o u t  t i m e  i n c r e a s e s  t o  1 4 4  s .  T h i s  m o d e  
s h a l l  be used  f o r  r e a l - t i m e  t r a n s m i s s i o n  only. T h r e e  t y p e s  of 
c a m e r a  o p e r a t i o n  s h a l l  be p o s s i b l e  whi le  ope ra t ing  i n  t h i s  m o d e .  
T h e y  a r e :  

a )  A l t e r n a t e  c a m e r a .  

b) A s s y m e t r i c  s i m u l t a n e o u s  e x p o s u r e .  

c) A s s y m e t r i c  s i n g l e  c a m e r a  ( N A  o r  WA) . 



5. 10. 1 1. 4 Ful l -  F r a m e ,  Ful l -Resolut ion,  TF  = 240 Seconds  (5: 1 Slow Scan).  
T h i s  m o d e  is ident ica l  to  tha t  d e s c r i b e d  in p a r a g r a p h  5. 1 0 . 1 1 . 1  
except  tha t  the f r a m e  readout  time i n c r e a s e s  t o  240 s. T h i s  mode  
sha l l  be used f o r  r e a l - t i m e  t r a n s m i s s i o n  only. T h r e e  types  of 
c a m e r a  opera t ion  sha l l  be poss ib le  when opera t ing in  th i s  mode.  
They a r e :  

a )  Al te rna te  c a m e r a .  

b) A s  s y m e  t r i c  s imul taneous  exposure .  

c )  A s s y m e t r i c  s ingle  c a m e r a  (NA o r  WA). 

5. 10. 11.  5 F u l l - F r a m e ,  Ful l -Resolut ion,  T F  = 480 Seconds  (10: 1 Slow Scan).  
T h i s  m o d e  i s  ident ica l  to  t h a t  d e s c r i b e d  i n  p a r a g r a p h  5. 10.  1 1 . 1  
except  tha t  the  f r a m e  readou t  t i m e  i n c r e a s e s  to 480 s. T h i s  mode  
sha l l  be used f o r  r e a l - t i m e  t r a n s m i s s i o n  only. T h r e e  types  of . - 
c a m e r a  opera t ion  sha l l  be poss ib le  when opera t ing in  t h i s  mode.  
They a r e :  

a )  Al te rna te  c a m e r a .  

b) A s s y m e t r i c  s imul taneous  exposure .  

c )  A s s y m e t r i c  s ingle  c a m e r a  (NA o r  WA). 

5 . 1 0 . 1 1 . 6  3 / 4 - F r a m e  Edi t ,  T F  = 48 Seconds.  In th i s  mode the c e n t r a l  75  p e r -  
cen t  of e a c h  l ine  (p ixe l s  TBD through TBD) s h a l l  be t r a n s m i t t e d  in 
r e a l - t i m e .  T h e  method of editing s h a l l  be as  shown schemat ica l ly  
on F i g u r e  17. T h r e e  types  of c a m e r a  opera t ion  s h a l l  be poss ib le  
while opera t ing in t h i s  mode .  They a r e :  

a) Al te rna te  c a m e r a .  

b) Simul taneous  exposure .  

c)  Single c a m e r a  ( N A  o r  WA). 

5 . 1 0 . 1 1 . 7  l / 2  - Frame Edit ,  TF = 48 Seconds.  I n  t h i s  m o d e  t h e  c e n t r a l  50% of 
e a c h  l i n e  (p ixels  ~ m D m )  s h a l l  b e  t r a n s m i t t e d  i n  real t i m e .  
T h e  method of editing sha l l  be a s  shown schemat ica l ly  on F i g u r e  17. 
T h r e e  types  of c a m e r a  opera t ion sha l l  be poss ib le  whi le  opera t ing  
in  th i s  mode .  They a r e :  

a )  Al te rna te  c a m e r a .  

b) Simul taneous  exposure .  

C)  Single c a m e r a  (NA o r  WA). 



5. 10. 11. 8 1 1 3 - F r a m e  Edi t ,  T F  = 48 Seconds.  In th is  mode  the c e n t r a l  33-1 13 
p e r c e n t  of e a c h  l ine  (p ixe l s  265 through 536) sha l l  be t r ansmi t t ed  in  
r e a l - t i m e .  The method of editing sha l l  be a s  shown schemat ica l ly  
on F i g u r e  17. T h r e e  types  of c a m e r a  opera t ions  shal l  be poss ib le  
when opera t ing in  th i s  mode.  They a r e :  

a )  Al te rna te  c a m e r a .  

b) Simul taneous  exposure .  

C)  Single c a m e r a  (NA o r  WA). 

5 . 1 0 . 1 1 . 9  1 1 5 - F r a m e  Edit ,  TF = 48 Seconds.  In th is  mode  the c e n t r a l  20 p e r -  

cen t  of each  l ine (p ixe l s  TBD through TBD) shal l  be t r ansmi t t ed  in 
r e a l - t i m e .  The method of editing sha l l  be a s  shown schemat ica l ly  
on F i g u r e  17. T h r e e  types  of c a m e r a  opera t ion sha l l  be poss ib le  
when opera t ing in th i s  mode.  They a r e :  

a) Al te rna te  c a m e r a .  

b) Simul taneous  exposure .  

c )  Single c a m e r a  (NA o r  WA). 

5. 10. 11 .10 3: 1 Slow Scan,  Edited to  29.9 Kbps, TF  = 144 Seconds .  In th i s  
mode  the c e n t r a l  por t ion  of e a c h  l ine (p ixe l s  TBD through TBD) 
sha l l  be t r ansmi t t ed  i n  r e a l  t ime.   he method of e d i t i n i  shal l  be - 
as shown schemat ica l ly  in F i g u r e  17. T h r e e  types  of c a m e r a  oper -  
a t ion  sha l l  be poss ib le  when opera t ing in th i s  mode.  They a r e :  

a )  Al te rna te  c a m e r a .  

b) A s s y m e  t r i c  s imul taneous  exposure .  

5. 10 .1  1. 1 1 5: 1 Slow Scan,  2: 1 P a r t i a l  F r a m e  Edit ,  TF  = 480 Seconds.  T h i s  
mode  employs  a 5:l Slow Scan as d e s c r i b e d  i n  p a r a g r a p h  5 .10 .11 .4 ,  
however ,  only the  c e n t r a l  50 p e r c e n t  of each  l ine (p ixe l s  201 t o  600) 
a r e  t r ansmi t t ed .  T h r e e  types  of c a m e r a  opera t ion  sha l l  be poss ib le  
when opera t ing in th i s  mode.  They a r e :  

a) Al te rna te  c a m e r a .  

b) A s s y m e t r i c  s imul taneous  exposure .  

c )  A s s y m e t r i c  s ingle  c a m e r a  (NA o r  WA). 

5 . 1 0 . 1 1 . 1 2  l / 1 0 - ~ r a m e  Edit ,  TF = 48 Seconds.  In t h i s  mode one fifth of t h e  
"C pixels ,  equal ly  s e p a r a t e d ,  of e v e r y  o t h e r  l ine  s h a l l  be t r a n s m i t t e d  

i n  r e a l  t ime .  The pixels  chosen  in  e a c h  t r a n s m i t t e d  l ine  sha l l  
b e  offset  as shown schemat ica l ly  i n  F i g u r e  18. 
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5.11 In f ra red  I n t e r f e r o m e t e r  S ~ e c t r o m e t e r  and R a d i o m e t e r  - ~ - - . .  - - -. . . -. - - - . - . - - 
Subsys tem (IRIS) 

5 . 1 1 . 1  D i s c r e t e  Command 

The FDS sha l l  supply a d i s c r e t e  pulse  command  to  the  IRIS e v e r y  
48 s  to in i t ia te  a n  IRIS s c a n ,  

5 . 1 1 . 2  Specia l  F r e q u e n c i e s  

The FDS sha l l  provide  the IRIS with the following s p e c i a l  f r equenc ies :  

a )  A continuous 403.2  kHz squarewave  used f o r  genera t ing  the  
c a r r i e r  f r equency  of the s ingle  s ide-band modula to r ,  

b) A continuous 480 Hz squarewave  used a s  the  neon r e f e r e n c e  
f requency  and to con t ro l  the  IRIS sc ience  da ta  readout .  

5 . 1 1 . 3  Data  Acquisi t ion 

IRIS d a t a  acqu i s i t ion  s h a l l  be cont ro l led  by the r e l a t ive  t iming be -  
tween the  IRIS f r a m e  s t a r t  and the  480 Hz neon r e f e r e n c e  f requency.  
Four teen-b i t  d a t a  w o r d s  sha l l  be t r a n s f e r r e d  to  the FDS following 
the  th i rd  fal l ing edge  of the  480 Hz neon r e f e r e n c e  f requency  a f t e r  
the  IRIS f r a m e  start and e v e r y  6 th  fa l l ing  edge  t h e r e a f t e r .  

5 . 1 1 . 4  Data  R a t e  

T h e  IRIS d a t a  r a t e  s h a l l  be 1120 bps f o r  a l l  encoun te r  m o d e s  excep t  
s p e c i a l  occultat ion.  In the  s p e c i a l  occul ta t ion  m o d e ,  t h r e e  8-  bi t  
w o r d s  ( r a d i o m e t e r  high gain  ana log ,  r a d i o m e t e r  analog,  and neon 
analog) s h a l l  b e  t r a n s m i t t e d  e v e r y  . 6  s (equ iva len t  to a  da ta  r a t e  of 
40 bps) .  T h e s e  m e a s u r e m e n t s  s h a l l  be sampled  only e v e r y  6 s. 
however .  T h e s e  s a m e  m e a s u r e m e n t s  s h a l l  be s a m p l e d  and included 
in all encoun te r  m o d e s  as  well .  

NASA - JPL - Coml., L A . .  Calif. 
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JET PROPULS I ON LABORATORY INTEROFFI CE MLMOHANDUM 

MIS: 2.154 

February 24, 1976 

TO: H.K. FREWING 

FROM: D.R. JOHNSON 

SUBJECT: I S S  STATUS/ENGINEERING DATA FIELD 

REFERENCE: I O M  MJS: 2.147A, "UPDATE OF GS-1/GS-3 SUUCOM DEFINITIONS 
(REVISION A ) " ,  t o  H.K. FREWING from D.R. JOHNSON dated 
2 December 1975. 

This memo def ines the 16 b i t  I S S  STATUS/ENGINEERING data f i e l d  tha t  fo l low5 
the 64 b i t  header i n  a1 1 imaging mode and GS-2 and GS-4. This i s  a 20 
p o s i t i o n  swbcom t h a t  w i  11 be output  40 times each 48 seconds ( 1  frame a t  
1: 1 readout) .  The data i s  def ined i n  terms o f  subcorn p o s i t i o n  ( 1  t h r u  20) 
and b i t s  ( 1  t h r u  16 where 1 i s  the most s i g n i f i c a n t  and f i r s t  ou t ) .  Subcom 
p o s i t i o n  1 i s  output  a t  LINES 1, 21, 41, ..... 781 and i s  fo l lowed i n  order 
by pos i t i ons  2 t h r u  20. 

SUBCOM POS. 1 ----. 

BIT 1 CAMERA I D  -- t h i s  i s  the camera present ly  be ing read out. 
"0" = WA ( o r  simultaneous prepare), 1 = NA. 

BITS 2-16 SHUTTERED PICTURE INDICATOR -- These b i t s  w i l l  be "0s" when 
a p i c t u r e  has no t  been shut tered and "1s" when one has. 
Taking a "dark cu r ren t  p i c t u r e "  using para,meter word A i s  
considered a shut tered p i c t u r e  (a1 1 1s f o r  these b i t s ) .  

SUBCOM POS. 2 . ---.-. 

BITS 1-16 SLOWS SCAN STATUS -- This word i s  TBD b u t  i s  included here 
i n  order t o  enable the same processing t o  be used by a11 imaging 
modes. Most l i k e l y  i t  w i l l  be an i n d i c a t i o n  o f  t t ~ c  ac tua l  l i n e  
being read out s ince the LINE COUNT p a r t  o f  SPACECRAFT TIME 
w i l l  cont inue t o  increment every 60rns f o r  a l l  data nodes. 

SUBCOM POS. 3 -- ---- ,- - 

BITS 1-5 SPARES ( zeros ) 

BIT 6 NA ELECTRONICS CAL STATUS -- This b i  t i s  a "1" when the e lec t ron ics  
c a l  s igna l  i s  ON and "0" when OFF. 



BIT 7 WA ELECTRONICS CAL STATUS -- This b i t  i s  d "1" when 
the e lec t ron ics  ca l  s ignal  i s  ON and "0" wheh OFF. 

BITS 8-12 ACTUAL EXPOSURE TIME -- This word contains a 5 b i t  exposure 
number t ha t  represents the exposure time used for  the 
p i c t u r e  being read out .  B i  t 8 i s  the MSB. MJS77-3-270 
gives the exposure time versus exposure number crossreference. 
This word does - not  i nd i ca te  t ha t  the p i c t u r e  being output  
was p a r t  o f  a long exposure. 

BITS 13-16 ACTUAL FILTER POSITION -- This word represents the f i  1 t e r  
wheel p o s i t i o n  f o r  the p i c t u r e  being read out .  B i t s  13-15 
a re  the 3 - b i t  p o s i t i o n  ( b i t  13 i s  the MSB) and b i t  16 i s  an 
odd p a r i t y  b i t .  

BITS 
POSITION 13 14 15 16 
D 7TT-T-T 

1 0 0 1 0  
2 0 1 0 0  
3 0 1 1 1  
4 1 0 0 0  
5 1 0 1 1  
6 1 1 0 1  
7 1 1 1 0  

SUBCOM POS. 4 

BITS 1-16 PICTURE COUNT -- This word i s  incremented once f o r  each 
"shut tered p i c t u re "  ( i n c l  udes dark cu r ren t  p ic tu res  us ing 
parameter word A ) .  I t i s  r e s e t  only by command from CCS. 
The i n i t i a l  load s ta te  o f  the program w i  11 be "0". 

SUBCOM POS. 5 

PARAMETER WORD A present value 

BITS 1-3 MODE FIELD ( b i t  1 i s  the MSB) 

NOSHUT 
NAONLY 
WAONLY 
BOTALT 
BOTS I M  
BODARK new mode) 
NOSHUT 1 de fau l t )  
NOSHUT (defaul  t )  

U I T S  4-8 USE COUNT present value ( b i t  4 i s  the MSB) 



BITS 9-16 These b i t s  have 2 poss ib le  ~lteaniny!, . 1 f 0 1  1 "0s . "  then the 
present paranleter A word ( b i  t s  I-[{) w ~ s  *,tored i n  the r ic lh t  
hand h a l f  ( t he  l eas t  s i g n i f i c a n t )  o f  an I D S  rlenlory word dnd 
the next  parameter A word w i  11 corlc f r o r ~ ~  sersory. (Or i t 
could have been del i bera t e l y  loaded as zeros t o  fac i 1 i ta te 
CCS po in te r  repos i t i on ing) .  I f  no t  "Os," then b i t s  9-11 
represent the MODE f i e l d  and 12-16 represent the USE f i e l d  
of the - next  parameter A word t b  be used. This a l s o  ind icates 
the present word i n  use ( b i t s  1-8) was i n i t i a l l y  s tored i n  
the l e f t  hand h a l f  of a FDS memory word. This d e f i n i t i o n  i s  
a d i r e c t  r e s u l t  of s t o r i n g  2 parameter A words i n  each FDS 
memory word. 

SUBCOM POS. 6 PAR. WD. A INDICATOR BITS -- This word gives the s ta tus o f  the 
f l ags  se t  i n  the FDS program t o  con t ro l  the fo l low ing  imaging 
funct ions:  

BITS 1-4 SPARE ( a l l  "0s") 

N I T  5 NA CYCLE INDICATOR 

0 = PREPARE 
1 = READOUT 

I I IT 6 NA BEAM INDICATOR 

0 = ON 
1 = OFF 

B I T  7 NA SHUTTER RESET INDICATOR 

0 = ENABLE 
1 = INHIBIT 

BIT 8 NA SHUTTER OPEN INDICATOR 

0 = ENABLE 
1 = INHIBIT 

BIT 9 NA SHUTTER CLOSE INDICATOR 

0 = ENABLE 
1 INHIBIT 

BIT 10 NA LIGHT FLOOD INDICATOR 

0 = ENABLE 
1 = INHIBIT 



WA CYCLK INDICATOR 

0 = PREPARE 
1 = READOUT 

WA BEAM INDICATOR 

0 = ON 
1 = OFF 

WA SHUTTER RESET INDICATOR 

0 = ENABLE 
1 = I N H I B I T  

WA SHUTTER OPEN INDICATOR 

0 = ENABLE 
1 = I N H I B I T  

WA SHUTTER CLOSE INDICATOR 

0 = ENABLE 
1 = I N H I B I T  

B I T  16 WA LIGHT FLOOD INDICATOR 

0 = ENABLE 
1 = I N H I B I T  

The FDS program enables or i n h i b i t s  the associated functions using these 
f l a g  b i t s .  T h e  value o f  th is  indicator  word i s  a function o f  the MODE 
and the cycle o f  t h a t  mode but i s  not unique f o r  a given combination. 
T h e y  a r e  l i s t e d  below ( b i t s  5 thru  16): 

NOSHUTl 
NOSHUT2 
NAONLY 1 
NAONLY2 
WAONLY 1 
WAONLY 2 
BOTALT 1 
BOTALTZ 
BOTS I M l  
BOTS I M2 
BOTS I M 3  
BODARK 1 
BODARK2 



SUBCOM POS. 7 PARAMUTCR WD. A POINTER -- This word g i  vcs thc address . ---.- -. ----- 
i n  FDS aleamry where the nex t  pararrleter word A p i ~  ir i s  
s tored.  When the  word i s  used, the 8 MSIh  a re  ut'i 1 ired 
f i r s t  fo l lowed by the  8 LSDs a f t e r  the previous use 
f i e l d  has reached zero. 

U l T S  1-2 SPARES (00) 

B I T S  3-16 ADDRESS B I T S  -- 14 b i t s  because the paraneter  word cou ld  
he i n  e i t h e r  8K memory. 

SUBCOM. - -. POS. -- 8 PARAMETER WD. B present  value. Th is  word s p e c i f i e s  the  NA 
camera exposure and f i  1 t e r  s tepping.  

B I T S  1-5 EXPOSURE MODE/TI ME 

0 = AUTO EXPOSURE MODE 
N = F I X E D  EXPOSURE MODE where N i s  the  exposure number, EN. 

( 1-24 decimal ) 

U I T  6 F I L T E R  STEPPING MODE 

0 = POSITION MODE 
1 = STEPS MODE 

B I T S  7-9 POSITION MODE-- This i s  t he  des i red  f i l t e r  p o s i t i o n .  

STEPS MODE -- Th is  g ives the  number o f  steps each prepare 
cyc le .  

B I T S  10-16 USE F I E L D  present  value. 

SUBCOM POS. - 9 PARAMETER WD. B POINTER -- This word g ives the address i n  
FDS memory where the  nex t  parameter 0 word i s  s tored.  

B I T S  1-2 SPARES (00) 

B I T S  3-16 ADDRESS U I T S  -- 14 b i t s  because the  parameter word cou ld  be 
i n  e i  t he r  memory. 

SUBCOM - -.-- -.- POS. . 10 a - PARAMETER WD. C present  value. This word speci f i e s  thc  WA 
canera exposure and f i  1 t e r  s teppi  ny . 

B I T S  1-5 EXPOSURE MODE/TIME 

0 = AUTO EXPOSURE MODE 
N - F IXED EXPOSURE MODE where N i s  the  exposure number, EN. 

(1-24 decimal) 

U I T  6 F ILTER STEPPING MODE 

0 = POSITION MODE 
1 = STEPS MODE 



[ { I T S  7-9 POSITION MODE -- This i s  the desired f i l t e r  pos i t i on .  

STEPS MODE -- This gives the number o f  steps each prepare 
cycle. 

BITS 10-16 USE FIELD present value. 

SUBCOM POS. 11 PARAMETER WD. C POINTER -- This word gives the address i n  
FDS memory where the next  parameter B word i s  s tored 

BITS 1-2 SPARES (00) 

BITS 3-16 ADDRESS BITS -- 14 b i t s  because the parameter word cou ld  be 
i n  e i  the r  memory. 

SUBCOM POS. 12 PARAMETER WD. D present value. ----- 
UITS 1-5 NA OPTICS CAL TIME 

0 = LIGHTS OFF 
N = ( I., t o  24 decimal) Turns on the l i g h t s  a t  the t ime 

the shu t t e r  i s  open when the exposure number has the 
value N. 

25 = Turn on a t  t = 29.4 sec. 
BITS 6-7 NA ACTUAL SHUTTER SELECT 

0 = NORMAL 
1 = LONG START 
2 = LONG END 
3 = LONG OPEN 

BITS 8-9 WA ACTUAL SHUTTER SELECT 

0 = NORMAL 
1 = LONG START 
2 = LONG END 
3 = LONG OPEN 

U I T S  10-16 USE COUNT 

0 = Get the next  parameter word frost the tab le  
1-126 = Use the same parameter word and decrement the USE count. 

127 = Use the same parameter word u n t i  1 the USE count i s 
zeroed by CCS command. 

SUBCOM POS. 13 PARAMETER D WORD INDICATOR BITS -- These b i t s  are a func t ion  ..---- .----- 
o f  0 word b i  t s  6 t h r u  9. They represent the 12 b i t s  t h a t  are 
l o g i c a l l y  ORed w i t h  the parameter word A b i t s  before the actual  
f l ags  a set .  

BITS 1-4 SPARES (zeros ) 



BITS 5-10 NA INDICATOR BITS 
, 

D WD. COMMAN DE D 
BITS6-7 FUNCTION INDICATOR BITS - . -- 

0 NORMAL 000000 
1 LONG START 00001 0 
2 LONG END 01 1101 
3 LONG OPEN 011111 

B I T S  11-16 WA INDICATORBITS 

0 WD. COMMAND€ D 
BITS8-9 .-------- --- FUNCTION - -- - - - INDICATOR UI TS -- ---- .-- . - 

0 NORMAL 000000 
1 LONG START 0000 1 0 
2 LONG END 01 1101 
3 LONG OPEN 0111 11 

SUBCOM .- - -- --- POS. 14 -.- PARAMETER D WORD POINTER -- This word g i  vcs the address 
i n  FDS menlory where the next  paraneter Ll word i s  stored. 

BITS 1-2 ' SPARES (zeros) 

B I T S  3-16 ADDRESS BITS -- 14 b i t s  because the paranteter word cou ld  
be i n  e i  the r  memory. 

SUBCOM - POS. 15-19 -- I S S  ANALOG ENGINEERING TELEMETRY. The WA and NA 
T p o s i  t i o n  mu1 t l p l exe rs  are each sampled 5 times each I S S  frame 

(48 sec). The mul t ip lexers  a re  advanced a f t e r  each sample 
(every 9.6 sec) by WA and NA MUX STEP. The rnul t i p l e x e r  i s  
r ese t  t o  p o s i t i o n  1 by the dual purpose s igna l  FILTER READ/ 
MUX RESET. NA FILTER READ/MUX RESET i s  issued when the NA 
camera i s  i n  a PREPARE. WA FILTER READ/MUX STEP i s  sent when 
the NA camera i s  i n  a READ. The mu1 t i p l e x e r  p o s i t i o n  beincj 
saml~led i s ,  therefore,  a funct ion o f  the inwcjincj \eclucnco. 

The data output  i n  each frame i s  the r e s u l t  o f  sarrp1 i n r j  i r ~  Lhc! 
previous frame. PLEASE NOTE: Reference 1 i ncorrec l l y  1 i ., tcd 
the readout order. WA data i s  output  i n  the MSUs and NA data 
i s  i n  the LSBs. 

The output  order shown below assumes having been i n  BOTALT 
f o r  a t  l e a s t  3 frames. 

BOTALT CYCLE 2 (data from BOTALT cyc le  1 ) NA READ, WA 
PREPARE ( t h i s  cyc le )  SCT 60 = n. 



SUUCOM BITS 1-8 . BITS 9-16 
POS -- MUX POS. ----- MUX POS. -- --- 

15 W A - 8 %  NA -H 7 
16 WA- ~3 NA -# C9 
17 W A - F  q- NA -W 9 
18 W A - k f  3 NA -A+ / O  
19 WA -f 6 NA -2 1 

BOTALT CYCLE 1 (data from BOTALT cyc le  2) WA READ, 
NA PREPARE ( t h i s  cyc le )  SCT60 = n + 1 

SUBCOM BITS 1-8 BITS 9-16 
P 0s MUX POS. MUX POS. 

15 WA -% 7 NA - a  2 
16 WA -a F NA -A -  3 
17 MA JB-9 N A - & q  
18 WA -k / O  NA -c6- 5 
19 WA -2 I NA -k-6 

The readout w i l l  look odd dur ing sequences having back-to- 
back PREPARES (such as BOTSIM o r  going froin NOSHUT cyc le  1 
t o  NAONLY) . This e n t i r e  s t ruc tu re  i s  the r e s u l t  o f  the 
two th ings:  (1 )  i nc l ud ing  BOTSIM, (2)  being ab le  t o  des- 
ignate  any 48 frame as a prepare cyc le  by en te r ing  one o f  
the bas ic  modes a t  the proper time. There i s  no a1 t e rna t i ve  
mechanization t ha t  would r e s u l t  i n  a "clean" readout o f  t h i s  
data . 

SUBCOM POS. 20 PIXEL AVERAGE/COMMAND.STATUS 

BITS 1-2 SPARES 

BIT 3 PIXEL AVERAGE STATUS -- A "1" ind ica tes  more than the 
minimum number o f  p i xe l s  were used i n  the p i x e l  average 
c a l c u l a t i o n  from the previous frame. The exposure time can 
be modi f ied based on t h i s  average i f  i n  the AUTO EXPOSURE 
mode. A "0" says less than the minimum were used and the 
exposure t ime can - not  be modi f ied based on t h i s  average. 

BITS 4-8 PIXEL AVERAGE i s  based on a sum o f  the 5 MSBs o f  a l l  p i x e l s  
exceeding the.programed threshold o f  the camera read out  i n  the 
previous frame. 

PtEASE NOTE: A l l  FDS programs do no t  contain automatic exposure (AEX) 
which includes the p i x e l  summation coding. When AEX i s  n o t  included, b i t s  
3-8 a re  meaningless. 



B I T  9 SPARE (zero) 
( r ,  

BIT 10-16 I S S  Gl/GAIN COMMAND -- A command i s  sent t o  e i t h e r  WA o r  
NA a t  the beginning o f  each frame according to  the fo l lowing 
algorithm: I f  the present cycle i s  a WA PREPARL o r  PHEPAHC 
fo r  both caneras, the WA command i s  issued. I f  the present 
cycle i s  a NA PREPARE wi th  a WA READ, the NA command i s  rent .  

o i t ~  io-ii COMMAND BITS 
f ' 

D i  t s  '13-1 6 FDS DESTINATION CODE 
5 WA COMMAND 
6 NA COMMAND 

These 20 16-bi t words are a1 so output i n  the GS-3 subcorn as shown i n  
reference 1. 

Please spread t h i s  around! 

DRJ :cg 
~ i s t r i b u t i o n  - 
FDS L i s t  
C. Cleven 
R. Draper 
H. Enmark 
K. Erickson 
D. G. G r i  f f i  t h  
T. Risa 
W .  Sleigh 
J. Tupmn 



JET PROPULSION LABORATORY INTEROFFICE MEMORANDUM 

MJS: 2.146 

25 November 1975 

TO: H. K. Frewing / 
FROM : D. R. Johnson 

SUBJECT : I M - I  ISS STATUS/ENGINEERING DATA FIELD 

This memo defines the 16-bi t I S S  STATUS/ENGINEERING f i e l d  i n  the IM-2 and IM-3 
data modes. This 20 pos i t ion  subcom immediately follows the header ( b i t s  65 - 80) 
w i l l  repeat 40 times per I S S  frame (48 sec]. Data i s  defined i n  terms o f  subcom 
pos i t i on  (1-20 decimal) and b i t  number (1-16 where b i t  1 i s  the MSB and f i r s t  out) .  
Subcom pos i t ion  I i s  output a t  LINES 1, 21, 41, .. .781, 1 and i s  followed i n  order 
by posi t ions 2 th ru  20. 

* 

SUBCOM POS. 1 

B i t  1 CAMERA I D  - t h i s  i s  the. camera present ly being read out  ("0" i s WA, 
"1" i s  NA). 

B i t s  2-16 SHUITERU) PICTURE INDICATOR - these b i t s  are a l l  "1s" when a p ic tu re  
has been shuttered and "0s" when no shut ter ing has occurred. 

Taking a dark current  p a i r  (BODARK) using parameter word A, a recent addit ion, 
w i l l  set  these b i t s  t o  "1s" even though no shut ter ing has taken place because i t  
i s  a s i g n i f i c a n t  p i c tu re  t h a t  should be processed. 

SUB COM POS . 2 

B i t s  1-16 SLOW SCAN STATUS - exact de f i n i t i on  TBD (Probably slow scan l i n e  count). 

SUBCOM POS. 3 

B i t s  1-5 SPARES - "0s" 

B i t  6 NA ELECTWNI CS CAL STATUS - "0" i s  ON, "1" i s  OFF. 

B i t  7 WA ELECTRONICS CAL STATUS - "0" i s  ON, "1" i s  O f f .  

B i t s  8-12 ACTUAL EXPOSURE TIME - This word contains a 5 -b i t  exposure number that  
represents the exposure time used for the p i c tu re  being read out. B i t  8 
i s  MSB, This word does not i nd ica te  long exposures. 



H. K. Frewing 
Page Two 
'5 November 1975 

Bits 13-16 ACTUAL F I L T E R  POSITION - this word indicates the f i l t e r  wheel position 
for the picture being read out. Bits 13-15 are the 3-bit position and 
b i t  16 i s  an odd parity b i t .  

B I T S  
POSIT  I O N  13 14 15 16 

SUBCOM POS . 4 

Bits 1-16 PICTURE COUNT - This word i s  incremented once for each "shuttered picture" 
and reset only by carmand from CCS. 

SUBCOM POS. 5 

PARAMETER A WORD present value (used i n  the current I S S  frame). 

SUBCOM POS. 6 

PARAMETER A INDICATOR B I T S  used in the current I S S  frame. 

SUBCOM POS . 7 

PARAMETER A WORD POINTER i s  the address i n  FDS memory where the next parameter A 
word pair is stored. 

SUBCOM POS. 8 

PARAMETER B WORD present value [used i n  the current I S S  frame]. 

suscdFl POS. 9 

PARAMETER B WORD POINTER i s  the address i n  FDS memory where the next parameter B word 
i s  stored. 

SUBCOM POS. 1 0  

ARAMETER C WORD present value (used i n  the current ISS frame). 



H. K. Frewing 
Page Three 
25 November 1975 

SUBCOM POS. 11 

PARAMETER C WORD POINTER i s  the address i n  FDS memory where the next parameter 
C word i s  stored. 

SUBCOM POS. 12 

PARAMETER D WORD present value (used i n  the  current I S S  framel. 

SUBCOM POS. 13 

PARAMETER D INDICATOR BITS used i n  the current ISS frame. 

SUBCOM POS. 14 . 
PARAMETER D WORD POINTER i s  the address i n  FDS memory where the next parameter D word i s  
stored. 

SUBCOM POS. 15 

I S S  ANALOG ENGINEERING TELEMETRY 

B i t s  1-8 F i r s t  NA sample taken i n  the previous ISS frame. 

B i t s  9-16 F i r s t  WA sample taken i n  the previous I S S  frame. 

SUBCOM POS. 16 

I S S  ANALOG ENGINEERING TELEMETRY 

B i t s  1-8 Second NA sanple taken i n  the previous I S S  frame. 

B i t s  9-16 Second WA sample taken i n  the previous 1.SS.frame. 

SUB COM POS . 1 7 

I S S  ANALOG ENGINEERING TELEMETRY 

B i t s  1-8 Thi rd NA sample taken i n  the previous I S S  frame. 

B i t s  9-16 Third WA sample taken i n  the previous I S S  frame. 



H. K. Frewing 
Page Four 
25 November 1975 

SUBCOM POS. 18 

I S S  ANALOG ENGINEERING TELEMETRY 

B i t s  1-8 Fourth NA sample taken i n  the previous I S S  frame. 

B i t s  9-16 Fourth WA sanple taken i n  the previous I S S  frame. 

SUBCOM POS. 19 

I S S  ANALOG ENGINEERING TELEMETRY 

B i t s  1-8 F i f t h  NA sample taken i n  the previous I S S  frame, 

B i t s  9-16 F i f t h  NA sample taken i n  the previous I S S  frame. 

SUBCOM POS. 2 0  

B i t s  1-2 SPARES ("0s") 

B i t  3 P I X E L  AVERAGE STATUS - a "1" indicates more than the  minimum number o f  
p ixe ls  were used i n  the p i x e l  average ca lcu la t ion  and the exposure time 
can be modif ied based on t h i s  average i f  i n  the AUTO EXPOSURE mode. 
A "0" says less than the minimum were used and the exposure time 
c a n m  be modified based on t h i s  average. 

B i t  4-8 P I X E L  AVERAGE i s  based on a sum o f  the 5 MSBs o f  a l l  p ixe ls  exceeding 
the programed threshold o f  the camera read out  i n  the previous I S S  
frame . 

B i t  9-16 I S S  G I  /GAIN COmAND STATUS 

B i t  9 I 1  0" 

B i t  10-12 Cornnand B i t s  

B i t  13-16 FDS Dest inat ion Code 
5 WA Camera 
6 NA camera 

NOTES - 
The I S S  Cog E should be contacted f o r  de f i n i t i ons  o f  the analog engineering samples 
and the camand b i t s ;  however, the previous parameter A i nd i ca to r  b i t s  must be used 
t o  determine whether the previous frame was a readout or  prepare f o r  each camera. 
More conplete de f i n i t i ons  o f  a1 1 subcan words concerning parameter words w i l l  be 
published i n  the near future. 



H. K. Frewing 
Page Five 
25 November 1975 

Please pass th is  information on t o  the appropriate part ies.  

DRJ : fs 
D i s t r i  bution 
FDS L i s t  
A. Acord 
C. Cleven 
H. Enmark 
W. Fawcett 
D. G r i f f i t h  
J .  King 
T. Risa 
W .  Sleigh 
J.  Tupman 



JET P ROPULS ION LABORATORY INTE ROFFI CE MEMORANDUM 

MJS: 2.1478 

15 December 1975 

TO: H. K. Frewing / 

FROM: D. R. Johnson 

SUBJECT : UPDATE OF GS-I/=-3 SUBCOM DEFINITIONS [REYISION B) 

This memo closes the remaining open items concerning the data read out i n  the  48 
b i t  subcun f ie ld .  Data Ts speci f ied i n  terms o f  minor frame (MF) and b i t s  (1-48 
where b i t  1 i s  the MSB and f i r s t  out]. The I S S  por t ion  also references t h e  I M - 1  
I S S  PNALOGIENGINEERING subcom pos i t ion  since t h i s  i s  the output o f  that same data. 
The only  changes are t h e  inc lus ion o f  an IRIS CMD. Others are presented i n  a 
d i f fe ren t  form than was previously pub1 ished. 

MFl - 
B i t  1 CAMERA I D  - t h i s  i s  t he  camera presently being read out  ("0" i s  WA, 

"1" i s  NA). 

B i t s  2-16 SHUTTERED PICTURE INDICATOR - these b i t s  are a l l  "1s" when a p i c tu re  
has been shuttered and "0s' when no shut ter ing has occurred. 

Taking a dark current  p a i r  (BODARK) using parameter word A, a recent addit ion, w i l l  
set  these b i t s  t o  "1s" even though no shut ter ing has taken place because i t  i s  a 
s i g n i f i c a n t  p i c tu re  t h a t  should be processed. 

(Bits 1-16 are the same as ISS  SUBCOM POS . 11 

B i t s  17-32 SLOW SCAN STATUS - exact d e f i n i t i o n  TBD (probably slow scan l i n e  count). 
(Same as I S S  SUBCOM POS. 2) 

B i t s  33-37 SPARES - "0s" 

B i t  38 NA ELECTRON1 CS CAL STATUS - "0" i s  ON, "1 " i s  OFF. 

B i t  39 WA ELECTRONICS CAL STATUS - "0" i s  ON, *I" i s  OFF. 

B i t s  40-44 ACTUAL EXPOSURE TIME - This word contains a 5 -b i t  exposure number , t ha t  
represents the exposure time used f o r  the p ic tu re  being read out. B i t  
40 i s  MSB. This word does - not ind ica te  long exposures. 

B i t s  45-48 ACTUAL FILTER POSITION - This word indicates the f i l t e r  wheel pos i t ion  
f o r  the p ic tu re  being read out.  B i t s  45-47 are the 3-b i t  pos i t ion  and 
b i t  48 i s  an odd p a r i t y  b i t .  



H. K. Frewing 
Page Two 
26 November 1975 

POSITION 

I 

BITS 
13 14 15 16 

0 0 3 0  
0 1 0 0  
0 1 1 1  

(Bits 33-48 are the  same as ISS SUBCOM POS. 3) 

B i t s  1-16 PICTURE COUNT - This word i s  incremented once f o r  each "shuttered 
p ic tu re"  and reset  only by comand fran CCS. These b i t s  are the  
same as ISS SUBCOM POS-. 4. 

B i t s  17-32 PARAMETER WORD A present value (used i n  t h e  cur ren t  ISS frame). 
These b i t s  are t he  same as ISS SUBCOM POS, 5. 

B i t s  33-48 PARAMETER A INDICATIOR BITS used i n  t he  current  ISS frame. These 
b i t s  are the  same as ISS SUBCOM POS. 6. 

B i t s  1-1 6 PARAMETER A WORD POINTER i s  t h e  address i n FDS memory where t h e  nex t  
parameter A word p a i r  i s  stored. These b i t s  are the  same as ISS SUBCOM 
POS. 7. 

B i t s  17-32 PARPMETER WORD B present value (used f n  t h e  current  ISS frame). These 
b i t s  are t h e  same as ISS SUBCOM POS. 8. 

B i t s  33-48 PARPMETER B WORD POINTER i s  t he  address i n  FDS memory where t h e  next  
parameter B word i s  stored, These b i t s  are t h e  same as ISS SUBCOM POS. 9. 

B i t s  1-16 PARAMETER WORD C present value (used i n  t he  current  ISS frame). These 
b i t s  are t h e  same as ISS SUBCOM POS. 10. 

B i t s  17-32 PARAMETER C WOW] POINTER i s  the  address i n  FDS memory where t he  next  
parameter C word i s  stored. These b i t s  are t h e  same as ISS SUBCOM POS . 1 1 . 



H. K. Frewing 
2 December 1975 
Page Three 

Bits 33-48 PARAMETER WORD D p r e s e n t  va lue  (used i n  t h e  c u r r e n t  ISS frame). These 
b i t s  a r e  t h e  same as  ISS SUBCOM POS. 12. 

Bits 1-16 PARAMETER D WORD INDICATOR BITS used i n  t h e  c u r r e n t  ISS frame. These 
b i t s  are t h e  same as ISS SUBCOM POS. 13. 

Bits 17-32 PARAMETER D WORD POINTER is  t h e  address i n  FDS memory where t h e  next  
parameter D word is s t o r e d .  These b i t s  a r e  t h e  same as ISS SUBCOM POS. 14. 

Bits 33-48 ISS ANALOG ENGINEERING TELEMETRY 

Bits 33-40 Fi rst WA sample taken i n  t h e  previous ISS frame. 

Bits 41-48 F i r s t  NA sample taken i n  t h e  previous ISS frame. 

These b i t s  a r e  t h e  same as ISS SUBCOM POS. 15. 

Bits 1-48 ISS ANALOG ENGINEERING TELEMETRY 

Bits 1-8 Second WA sample taken in  t h e  previous ISS frame. 

Bits 9-16 Second NA sample taken i n  t h e  previous ISS frame. 

Bits 17-24 Third  MA sample taken i n  t h e  previous ISS frame. 

Bits 25-32 Th i rd  NA sample taken in  t h e  previous ISS frame. 

Bits 33-40 Fourth WA sample taken in  t h e  previous ISS frame. 

Bits 41-48 Fourth NA sample taken i n  the previous ISS frame. 

These b i t s  a r e  t h e  same as ISS SUBCOM POSITIONS 16,  17 ,  and 18. 

M F31 - 
B i  ts 1 - 16 ISS ANALOG ENGINEERING TELEMETRY 

Bits 1-8 F i f t h  MA sample taken i n  t h e  previous ISS frame. 

Bits 9-16 F i f t h  NA sample taken i n  t h e  previous ISS frame. 

Bits 17-48 Bits 17-18 SPARES ("0s") 



H. K. Frewing 
2 December 1975 
Page Four 

B i t  19 PIXEL AVERAGE STATUS - a "1 " indicates more than the minimum 
number o f  p i xe l s  were used i n  the p i xe l  average ca lcu la t ion  
and the  exposure time can be modif ied based on t h i s  average 
i f  i n  the AUTO EXPOSURE mode. A "0" says less than the 
minimum were used and the exposure t ime can@ be modif ied 
based on t h i s  average. 

B i t  20-24 PIXEL AVERAGE i s  based on a sum o f  the  5 MSBs of a1 1 p ixe ls  
exceeding the programed threshold of the  camera read out  i n  
the previous I S S  frame. 

B i t  25-32 I S S  Gl/GAIN CCMMAND STATUS 

B i t  25 "0" 

B i t  26-28 Comnand B i t s  

B i t  29-32 mS Destination Code 
5 WA Camera 
6 NA Camera 

B i t s  1-16 are the same as I S S  SUBCOM POS. 19 and b i t s  17-32 are the 
samepas I S S  SUBCOM POS. 20. 

B i t s  33-48 PPS CMD 

MF32 - 
B i t s  1-16 

B i t s  17-32 

B i t s  33-48 

MF41 - 
B i t s  1-16 

B i t s  17-32 

B i t s  33-48 

MF42 - 
B i t s  1-16 

B i t s  17-32 

B i t s  33-48 

MAG CMD 1 

MAG CMD 2 

LECP CMD 

UVS CMD 

PLS CMD 

PLS STATUS 

PRA MODE OID 

PRA CONFIGURATION CJYD 

ms CMD COUNTER 
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MF5 1 - 
B i t s  1-12 FIRST FDS CMD received i n  the previous 48 sec frame 

B i t s  13-16 SPARES ("OsM] 

B i t s  17-28 Second FDS (rlD received i n  Ule previous 48 sec f r m e  

B i t s  29-32 SPARES ("0s") 

B i t s  33-44 Third FDS CMD received i n  the  previous 48 sec frame 

B i t s  45-48 SPARES ("0s") 

M F52 - 
B i t s  1-12 Fourth FDS comnand received i n  the  previous 48 second frame 

B i t s  13-16 SPARES ("0s") 

B i t s  17-28 F i f t h  FDS canmand received i n  the  previous 48 second frame 

B i t s  29-32 SPARES ("0s") 

B i t s  33-44 S ix th  FDS camrand received i n  the previous 48 second frame 

B i t s  45-48 SPARES POs") 

MF6 1 - 
B i t s  1-12 Seventh FDS comnand received i n  the previous 48 second frame 

B i t s  13-16 SPARES ("0s") 

B i t s  11-28 Eighth FDS comnand received i n  the previous 48 second frame 

B i t s  29-32 SPARES ("OS"] 

B i t s  33-48 CRS COMMAND 

MF62 - 
B i t s  1-48 CRS STATUS (4 12-b i t  words1 

MF71 - 
B i  t s  1-48 CRS STATUS (4 12-bi t words 1 
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B i t s  1-13 SPARES POs") 

B i t  14 PWS INPUT RANGE STATE 
0 = -40 dB 
1 =  OdB 

B i t  15 SPARE ("0" 1 

B i t  16 PWS WAVEFORM POUER 
0 = OFF 
l = O N  

B i t s  17-32 IRIS COMMAND i n  the  form: 

X i s  MODE (b i t s  17 and 26) 
0 = MODE 2 (144 sec scan) 
1 = MODE 1 (48 sec scan) 

YY i s  the  gain b i t s  

27 28 

0 0 GAIN1 (defau l t )  
0 1 GAIN 1 
1 0 GAIN 2 
1 1 GAIN3 

B i t s  33-48 LECP NE/FE FLAG STATUS (SLECPM) 

0 = FAR ENCOUNTER 
1 - NEAR ENCOUNTER 

Please d i s t r i b u t e  t o  t h e  appropr iate people. 

D.&. Johnson 

DRJ :fs 
D i s t r i b u t i o n  

FDS L i s t  
A. Acord 
C. Cleven 
H. Enmark 
W. Fawcett 

D. G r i f f i t h  
J. King 
T. Risa 
W. S le igh 
J. Tupman 
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1 . 0  SCOPE 

T h i s  document  e s t a b l i s h e s  the  M a r i n e r  J u p i t e r I S a t u r n  1977 
t e l e m e t r y  m e a s u r e m e n t s  and d a t a  f o r m a t s .  Included a r e  functional  
d e s c r i p t i o n s  of the following: 

a )  G e n e r a l  T e l e m e t r y  F o r m a t  S t r u c t u r e  C h a r a c t e r i s t i c s  . 

b)  Eng inee r ing  D a t a  F o r m a t s .  

c )  M e m o r y  Readou t s .  

d )  C r u i s e  D a t a  F o r m a t s .  

e )  E n c o u n t e r  G e n e r a l  Science  Da ta  F o r m a t s .  

f )  E n c o u n t e r  Imaging Da ta  F o r m a t s  

g )  P l a y b a c k  F o r m a t s .  



2 . 0  A P P L I C A B L E  DOCUMENTS 

T h e  fol lowing d o c u m e n t s  f o r m  a p a r t  of t h i s  func t iona l  r e q u i r e m e n t :  

N O T E  

MiJS77- 3-  100,  S p a c e c r a f t  R e q u i r e m e n t s  a n d  C o n s t r a i n t s ,  
a p p l i e s  to  t h i s  d o c u m e n t .  R e q u i r e m e n t s  of o t h e r  MSS77 
l e v e l  3  d o c u m e n t s  m a y  a l s o  b e  a p p l i c a b l e .  I t  i s  t he  r e -  
spons ib i l i t y  of the  u s e r  to  a d e q u a t e l y  a c q u a i n t  h i m s e l f  
with the o r g a n i z a t i o n  and p e r t i n e n t  con ten t  of t he  l e v e l  3 
d o c u m e n t s ,  a s  w e l l  a s  wi th  the  m a t e r i a l  con ta ined  h e r e i n .  

REQUIREMENTS 

Jet: P r o p u l s i o n  L a b o r a t o r y  

MJS77-3 -100  F u n c t i o n a l  R e q u i r e m e n t ,  M a r i n e r  J u p i t e r /  
S a t u r n  1977 S p a c e c r a f t  R e q u i r e m e n t s  and  
C o n s t r a i n t s  

M J S 7 7 - 3 - 2 7 0  F u n c t i o n a l  R e q u i r e m e n t ,  M a r i n e r  J u p i t e r  / 
S a t u r n  1977 T e l e m e t r y  and  C o m m a n d  
Handl ing  

MJS77-3 -310  F u n c t i o n a l  R e q u i r e m e n t ,  M a r i n e r  J u p i t e r  / 
S a t u r n  1977 Sof tware  R e q u i r e m e n t s  



3 . 0  G E N E R A L  T E L E M E T R Y  F O R M A T  S T R U C T U R E  
CHARACTERISTICS 

T h e  b a s i c  e l e m e n t  c o m p r i s i n g  M J S 7 7  d a t a  f o r m a t s  i s  the  p r i m e  
f r a . m e .  In g e n e r a l ,  a  p r i m e  f r a m e  wi l l  con ta in  d a t a  f r o m  s e v e r a l  
s o u r c e s .  T h e  d a t a  f r o m  e a c h  s o u r c e  i s  a s s e m b l e d  in to  a s u b s e t  
which i s  a n  e x a c t  m u l t i p l e  of 8 b i t s .  In add i t i on ,  the l eng th  of e a c h  
p r i m e  f r a m e  i s  a n  e x a c t  m u l t i p l e  of 16  b i t s .  P r i m e  f r a m e s  a r e  
d iv ided  into the fo l lowing  t h r e e  c l a s s e s :  

a )  Non-Golay  Coded (NGC) F r a m e s  

b )  Go lay  Coded ( G C )  F r a m e s .  

c )  H y b r i d  (H)  F r a m e s .  

T h e  type  of p r i m e  f r a m e  which  i s  t r a n s m i t t e d  a n d / o r  r e c o r d e d  on  
the  M i s s i o n  M o d u l e ' s  t a p e  r e c o r d e r  is a funct ion  of t h e  m i s s i o n  
pha.se.  P r i m e  f r a m e s  of the  NGC c l a s s  w i l l  be  t r a n s m i t t e d  d u r i n g  
a l l  n o r m a l  c r u i s e  p e r i o d s .  NGC p r i m e  f r a m e s  of e n g i n e e r i n g  d a t a  
w i l l  b e  t r a n s m i t t e d  v i a  S-band d u r i n g  n o r m a l  e n c o u n t e r  p e r i o d s .  
G C  and H p r i m e  f r a m e s  a r e  t r a n s m i t t e d  a t  X-band d u r i n g  e n c o u n t e r  
p e r i o d s .  P r i m e  f r a m e s  of t h e  GC type  a r e  t r a n s m i t t e d  i f  t h e  d a t a  i s  
e x c l u s i v e l y  g e n e r a l  s c i e n c e  and e n g i n e e r i n g  ( G S & E )  w h e r e a s  p r i m e  
f r a r n e s  of t he  H type  a r e  t r a n s m i t t e d  i f  t h e  d a t a  i n c l u d e s  r e a l - t i m e  
i m a g i n g ,  h igh  r a t e  P R A ,  h igh  r a t e  P W S  o r  t a p e  r e c o r d e r  p l ayback  
dat<a.  T h e  b a s i c  s t r u c t u r e  of e a c h  c l a s s  of p r i m e  f r a m e  is shown  
i n  F i g u r e  3 - 1 .  

3 . 1  F r a m e  Iden t i f i ca t ion  F i e l d  (FRID) 

The f i r s t  64 bits of e a c h  f r a m e  c o n t a i n s  a f r a m e  iden t i f i ca t ion  f i e ld  
w h i c h  e n a b l e s  f r a m e  s y n c h r o n i z a t i o n  a n d  d e c o m m u t a t i o n  of t h e  
r e c e i v e d  da t a .  T h e  s t r u c t u r e  of t h i s  f i e ld  is shown  i n  F i g u r e  3-2,  a n d  
t h e  e l e m e n t s  of w h i c h  t h e  f i e ld  is c o m p r i s e d  a r e  d e s c r i b e d  i n  p a r a -  
g r a p h s  3 .  1 .  1  t h r o u g h  3 . 1 . 3 .  A l l  w o r d s  i n  FRID a r e  r e a d o u t  MSB 
f i r s t .  B i t  one  i s  MSB. 

I 
3 .  1 .  1 F ra.me Synchron iza t ion  Code  

T h e  f r a m e  s y n c h r o n i z a t i o n  code  c o m p r i s e s  t he  f i r s t  32 b i t s  of 
F R I D .  T h e  f r a m e  s y n c h r o n i z a t i o n  code  e m p l o y e d  f o r  a l l  M J S 7 7  
p r i m e  f r a m e s  i s :  



L i J S 7 7 -  3 -  280 B  

NGC FRAME FORMAT 

I G C  FRAME FORMAT " 

FRAME ID 
FlELD 

I_ 64 BITS 

NGC DATA FlELD 

416, 1472, 2816, OR 4256 BlTS e4 DEPENDING O N  TELEMETRY MODE 4 

H FRAME FORMAT (PLAYBACK MODES) 

FRAME ID 
FlELD 

+ 

GC DATA FlELD 

H FRAME FORMAT ( IMAGING MODES, 
HlGH RATE PRA AND HlGH RATE PWS) 

L- 64 --k-. 4256 BITs-i 

PLAYBACK DATA FRAME ID 
FIELD 

',': NOTE: THE ENTIRE GC FRAME (INCLUDING FRAME ID FIELD) IS GOLAY CODED. 

GC DATA 
FIELD 

% F i g u r e  3-1. P r i m e  F r a m e  B a s i c  S t r u c t u r e  

64 BITS 

NGC DATA FlELD 

)+ 432 BITS 
1296, 2192, OR 3536 

BlTS DEPENDING O N  BIT RATE 

b-64 BITS-+I6 81TS+432 BITS+- 640, BITS DEPENDING 1280, 2176, 3520, O N  BIT 4864, RATE OR 6400 4 

GC DATA 
FlELD 

- 

FRAME ID 
FIELD 

ISS 
STATUS/ 
ENGRG 



F i g u r e  3 -2. Frame Identif icat ion F ie ld  

I-- Fsc ----+--m--jc-- msc 

F o r m a t  ID Word (FID)  

FRAME SYNCHRONIZATION 
CODE 

b 

This  i s  a n  8-bi t  f ield used t o  uniquely identify the  f o r m a t  ( d a t a  
m o d e )  in  u s e .  Th i s  f ield a p p e a r s  i n  a l l  m i n o r  f r a m e s .  T h e s e  
b i t s  a r e  ut i l ized a s  fo l lows.  

3 . 1 . 2 . 1  F o r m a t  Type ( B i t s  1  and 2) (B i t  1  i s  MSB) 

Th.ese b i t s  a r e  used to  identify f o r m a t  types  a s  shown below. 

/)----32 BITS -8 BITS +8 BITS +6 B I T S ~ 1 0  B I T S 4  

FORMAT ID 
WORD 

:j$ 3. 1 .  2 .  2 .  Data  Type  ( B i t s  3 t h rough  7) 

MOD 16 

B i t s  1 and 2 

0 0 

0 1  

1  0 

1 1 

E a c h  f o r m a t  type  is f u r t h e r  defined as shown i n  p a r a g r a p h s  
3 . 1 . 2 . 2 . 1 ,  3 .1 .2 .2 .2 ,  a n d 3 . 1 . 2 . 2 . 3 .  

F o r m a t  Type  

Eng inee r ing  without AACS M e m o r y  Readout  

Eng inee r ing  with AACS M e m o r y  Readout  

Imaging /P layback  

GS&E 

MOD 60 
COUNT 
( 0  -59) 

LINE 
COUNT 
( 1  -800) 



I;Y: 3. 1. 2. 2. 1 Engineer ing F o r m a t  Identification 

Engineer ing f o r m a t s  a r e  identified by data  r a t e  and data  mode  as 
shown i n  the  two tab les  below. 

I Data Ra te  Identification 

a Data  Type Identification 

1 

Bi ts  3 and 4 

0 0 

0 1 

1 0 

1 1 

Engineer ing Data  Ra te  
( bps )  

10  

40  

1200 

7200 (1200 Recorded)  

Bi ts  5, 6 ,  7 

0 0 0  

0 0 1  

0 1 0  

0 1 1  

1 0 0  

1 0 1  

1 1 0  

1 1 1  

Enginee r ing Data  Mode 

Launch 

Cru i s e  

Encounter  

TCM 

Special  

Modified Cru i s e  

CCS M e m o r y  Readout 

F D S  Memory  Readout 



:ff 3. 1.2.  2. 2 Science Format  Identification I 
Science formats a r e  identified a s  GS&E Formats  o r  Imaging1 
Playback Formats  a s  shown in the table below. I 

0 0 0 1 1  C R - 4  

0 0 1 0 0  CR - 5 

Imag ing  /Playback 
Bits 3 ,  4,  5, 6, 7 Formats  

Bits 3,  4 ,  5, 6 ,  7 

0 0 1 1 1  

0 0 0 0 1  

0 0 0 1 0  

1m-8 

1m-9 

I M -  10 

IM-11  

IM-12  " 

IM-13  " 

1m-14 

g5-2 

GS- I 

P B - 1  

P B - 2  

GS&E Formats  

C R - 1  

CR-2 

C R -  3  



3. 1 .  2. 3  SIC  ID (Bit  8)(LSB) 

The eighth bit position i s  used to identify mission module. A 
"1" will identify Flight 1  and a  " O f f  will identify Flight 2. 

3 . 1 . 2 . 4  Enginee ring Format s  

Table 3-1 specifies each of the engineering formats  by listing the 
function and telemetry mode mnemonic, describing the data 
s t r eam structure by the type of pr ime f rame used, and showing 
the format  identifiers f o r  the MDS low rate data s t r eam,  MDS 
high rate data s t r e a m ,  and the tape r eco rde r  data s t r e a m .  

3. 1. 2 .  5 General Science and Engineering Format s  

Table 3-2 specifies each of the general  science and engineering 
formats  by listing the function and telemetry mode mnemonic and 
showing the format  identifiers used for  the pr ime f r ame ,  embedded 
GS&E f rame ,  and embedded engineering f r a m e .  The format  identi- 
f i e r s  a r e  specified for  the MDS low rate  data s t r e a m ,  MDS high 
rate data s t r eam,  and tape recorder  data s t r e a m .  

3. 1.  2. 6 Imaging and Playback Format s  

Table 3-3 specifies each of the imaging and playback formats  by 
listing the function and telemetry mode mnemonic and showing the 
format  identifiers used for  the prime f r ame ,  embedded GS&E 
f rame ,  and embedded engineering f r a m e .  The format  identifiers 
a r e  specified for  the MDS low rate  data s t r eam,  MDS high rate 
data s t r eam,  and tape recorder  data s t r e a m .  

q 3 . 1 . 3  Flight Data Subs ys tem Count (FDSC) 

The FDSC compr ises  the las t  24  bits of FRID a s  shown on Figure 3-2. 
This field is  used to provide a  mission module clock. Using this 
count i t  i s  possible to determine t ime and cor re la te  events to within 
the t ime resolution of the f r a m e  count. The subfields within the 
FDSC a r e  described in paragraphs 3.1.3. 1  through 3. 1 . 3 . 3 .  



* Table  3-1. Engineer ing F o r m a t s  

Fonct lon  

Lou Rate L a u n c h  
E n g k r r e r r ~ n ~  

High Rate Launch 
Eng to MDS 

C r u s e  
Engineering 

Low R a t e  
Modified C r u i s e  
Engineer ing  

High Rate  
Modified C r u i s e  
Engineer ing  t o  
MDS 

'Ow Rate TCM 
Engineer ing  

High Rate  
TCM Engineer ing  
t o  MDS 

Encounter  
Engineer ing  

Low R a t e  F D S  
M e m o r y  Readout 

Low Rate  CCS 
M e m o r y  Readout 

Low Rate  AACS 
M e m o r y  Readout 

High R a t e  F D S  
M e m o r y  Readout 

High R a t e  CCS 
M e m o r y  Readout  

High R a t e  AACS 
M e m o r y  Readout 
- -- 

NOTES: fh B t t s  
t o  AACS m e m o r y  d a t a  See  Sect ion  4 .  4. 1  f o r  d e t a i l s .  

"X" tn bit pos i t ton  8 i s  f o r  S I C  ID Fl ight  I  = "I"  a n d  Fl ight  2  = "0". 

FDS r o u t e s  i d e n t i c a l  40  bps d a t a  s t r e a m s  t o  both  t h e  h igh r a t e  a n d  Low r a t e  c h a n n e l s  when 
opera t ing  i n  t h e  LN-40, CE-40.  EC-40,  FD-40, CC-40,  a n d  M - 4 0  e n g i n e e r i n g  only  mode.. 

T e l e m e t r y  
Mode 

M n e m o n ~ c  

L N - 4 0  

L N - I 2  

C E - 4 0  

MC-40 

MC-12 

MN-40 

MN-12 

E C - 4 0  

FD-40  

CC-40 

AA-40 

F D - I Z  

CC-12 

A A - I Z  

5 .  6 and 7 

Sta tus  

o f f  

On 

On 

Off 

On 

Off 

On 

On 

On 

On 

o n  

O n  

On 

o n  

Sta tus  

O i i  

On 

- 

Off 

On 

Off 

On 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

R a t e  Data  
Contents  

P r r m e  
F r a m e n  
F o r m a t  ID 

oon!ooov 

- 

- 

OOOllOlX 

- 

OOOlOllX 

- 

- 

- 

- 

- 

- 

- 

- 

of engineer ing  

MDS 

Sta tus  

on 

Off 

Off  

On 

Off 

On 

Off 

Off 

Off  

Off  

Off  

Off 

Off 

Off 

s p e c i f y  

MDS 

P r l m e  
F r a m e  
Type 

- 

NGC 

NGC 

- 

NGC 

- 

NCC 

NGC 

NCC 

NGC 

NGC 

NGC 

NGC 

NGC 

c o m m u t a t o r  

Lou, 
S t r e a m  

P r ~ m e  
F r a m e  
Type 

~ c c  

- 

- 

NGC 

- 

NGC 

- 

- 

- 

- 

- 

- 

- 

- 

- 

the contents  

Tape 

P r l m e  
F r a m e  
Type 

- 

NGC 

- 

- 

NGC 

- 

NGC 

- 

- 

- 

- 

- 

- 

- 

Htgh R a t e  Data  

P r ~ m e  
F r a m e h  
F o r m a t  ID 

- 

OOIOOOOX 

OOOlOOlX 

- 

OOlOlOlX 

- 

OOlOOllX 

OOOlOlOX 

OOOll l lX 

OOOlllOX 

OIOIABCXA 

OOlOll lX 

OOlOllOX 

O~IOABCXA 

locat ions  lot 

R e c o r d e r  Data 

P n m e  
F r a m e n  
F o r m a t  ID 

- 

OOllOOOX 
( L N - 7 2 )  

- 

- 

OOll lOlX 
(MC-72) 

- 

OOllOl lX 
(MN-72) 

- 

- 

- 

- 

- 

- 

- 

S t r e a m  Contents  

Embedded 
G S & E  

F o r m a t  ID 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

, -  

al located  

E m b e d d e d  
E n g r  

F o r m a t  ID 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

S t r e a m  Contents  

Embedded 
GSLE 

F o r m a t  ID 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

E m b e d d e d  
E n g r  

F o r m a t  ID 

- 

- 

- 
- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 



* Table 3-2. Genera l  Science and Engineer ing F o r m a t s  

R e c o r d ~ n g  i s  o p t i o n a l .  

"X" ~n bit pos l t lon  8 1s f o r  S I C  ID F l i g h t  1  = ' I "  and F l i g h t  2  = "0".  

A t  t h e  p r e s e n t  t i m e ,  t h e  P r o j e c t  h a s  n o  p l a n s  t o  d e v e l o p  t h e s e  f o r m a t s .  

F u n c t i o n  

C r u i s e  S c i e n c e  
and E n g i n e e r i n g  

C r u i s e  S c i e n c e  
and E n g i n e e r ~ n g  

C r u i s e  S c i e n c e  
and E n g i n e e r i n g  

C r u i s e  S c i e n c e  
and E n g i n e e r i n g  

C r u l s e  S c ~ e n c e  
and E n g i n e e r i n g  

C r u ~ s e  S c i e n c e  
and E n g i n e e r i n g  

C r u i s e  S c i e n c e  
and E n g i n e e r i n g  

C r u i s e  S c l e n c e  
and E n g i n e e r i n g A  

C r u ~ s e  S c i e n c e  A and E n g i n e e r i n g  

S t a n d a r d  E n c o u n t e r  
and O c c u l t a t ~ o n  
GS&E 

Spec ia l  O c c u l t a t i o n  

NOTES:  T h e  

T e l e m e t r y  
Mode  

M n e m o n i c  

C R - I  

C R - 2  

C R - 3  

C R - 4  

C R - 5  

C R - 6  

C R - 7  

C R - 8  

C R - 9  

GS- 3 

O C - 1  

F D S  r o u t e s  

S t a t u s  

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

S e e  
N o t e  
A 

S e e  
Note  

Ch 

S t r e a m  C o n t e n t r  

E m b e d d  d  
C S & E A  
F o r m a t  ID 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

M D S  Lon,  R a t e  D a t a  

E t i ~ b e d d e d  
E n y r A  

F o l r n d t  ID 

- 

- 

- 

- 

- 

- 

- 

- 

- 

~1001010X 

1111O10 IOX 

T a p e  

P r i m e  
F r a m e  
T y p e  

- 

- 

- 

- 

- 

- 

- 

- 

- 

G C  

NGC 

S t a t u s  

Off 

Off 

Off 

Off 

O f i  

Off 

Off 

O f i  

Off 

O n  

On 

~ d e n t ~ c a l  

E m b e d  ed 

Engr f& 
F o r m a t  I D  

OOOlOOlX 

OOOlOOlX 

OOOOOOlX 

OOOOOOlX 

OOOOOOlX 

OOOOOOlX 

T B D  

T B D  

T B D  

OOOlOlOX 

0001010X 

R e c o r d e r  D a t a  

P r i m e  
F r a m e  
F o r m a t  ID 

- 

- 

- 

- 

- 

- 

- 

- 

- 

l lO lUlOX 

l l l O l l l X  

M D S  High  R a t e  D a t a  S t r e a m  C o n t e n t s  

M D S  h lgh  r a t e  c h a n n e l  and DSS ~n  t h e s e  m o d e s  

S t a t u s  

O n  

O n  

O n  

O n  

O n  

O n  

O n  

O n  

O n  

O n  

o n  I 

S t r e a m  

P r i m e  
F r a m e  
T y p e  

- 

- 

- 

- 

- 

- 

- 

- 

- 

NGC 

NGC 

c ~ t a  

C o n t e n t s  

F o r m a t  ID 

- 

- 

- 

- 

- 

- 

- 

- 

- 

OOOlOlOX 

0001010X 

s t r e a m s  t o  the  

P r i m e  
F r a m e  
T y p e  

NGC 

N G C  

NGC 

N G C  

NGC 

NGC 

N G C  

NGC 

NGC 

G C  

NGc 

, F o r m a t  ID 

l l O O l l l X  

llOOOOlX 

llOOOlOX 

l lOOOl lX 

llOOlOOX 

l lOOlOlX 

T B D  

T B D  

T B D  

l lOlOlOX 

E m b e d d e d  
G S & E  

F o r m a t  I D  

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 



Table 3-3.  Imaging and Playback Formats (Sheet 1 of 2) 

M D S  Lo\% R a t e  D a t a  
S t r e a m  C o n t e n t s  AIDS High  R a t e  S t r e a m  C o n t e n t s  T a p e  R e c o r d e r  D a t a  S t r e a m  Conten ta  1 

Func t ion  

T e l e m e t r y  1 Mode  
M n e m o n i c  S t a t u s  T y p e  

S tandard  E n c o u n t e r  G S & E  
P l u s  R e c o r d  F u l l  
R e s o l u t ~ o n  Imag ing  

R e c o r d  and T r a n s m i t  F u l l  
Reso lu t ion  Imag ing  P l u s  
S tandard  E n c o u n t e r  G S & E  

S tandard  E n c o u n t e r  G S & E  
P l u s  F i l l  Reso lu t ion  I I M - 4  I O n  1 NGC 
3 I 4  Ed i t ed  Imag ing  

S t a n d a r d  E n c o u n t e r  G S & E  
p i u s  2:1 SIOW Scan  I m a g i n g  I IM- '  

I O n  I NGC 

S t a n d a r d  E n c o u n t e r  G S & E  1 I M - b  1 on  I NGC 
P l u s  112 Ed i t ed  I m a g i n g  

S t a n d a r d  E n c o u n t e r  G S & E  
P l u s  3: l  Slow Scan  I m a g i n g  I M 7  / O n  I NGC 

S t a n d a r d  E n c o u n t e r  G S & E  
P l u s  1 I 3  Ed i t ed  I m a g i n g  

S t a n d a r d  E n c o u n t e r  G S & E  
P l u s  Ed i t ed  3: l  Slow S c a n  I M - 9  O n  NGC 
Imaging  

S t a n d a r d  E n c o u n t e r  G S & E  1 lM-10 I on I NGC 
P l u s  115  E d i t e d  I m a g i n g  

S t a n d a r d  E n c o u n t e r  G S & E  1 I M - l l  1 On I NGC 
P l u s  5: 1  Slow Scan  I m a g i n g  

S t a n d a r d  E n c o u n t e r  G S & E  
P l u s  1 I 2  Ed i t ed  5: 1  Slow IM-  12 O n  N G C  
Scan  Imag ing  

S t a n d a r d  E n c o u n t e r  G S & E  
PIUS 10: I SIOW Scan  I m a g i n g  1 IM-  I O n  1 

P r i m e  
F r a m e  

E m b e d  e d  
E n  I 

F o r m a t  I D  S t a t u s  

O O O I O I O X  I O n  ( H ( I I O I O I O X  ( - ( O O O I O I O X  ( R e c o r d  

OOOlOlOX O n  OOOlOlOX Off :I_ 
0 0 0 l 0 l 0 X  

OOOlOlOX Off  

H 1 lOOlOl lX / I lOlOlOX I OOOlOlOX I Off 

OOOlOlOX O n  H lOlOl lOX l lOlOlOX OOOlOlOX Off 

OOOlOlOX O n  H lOlOlOlX l lOlOlOX OOOlOlOX O f f  

OOOlOlOX O n  H lOlOlOOX l lOlOlOX OOOlOlOX Off 

OOOlOlOX O n  H l O l l l l l X  l lOlOlOX OOOlOlOX O f f  



* Table 3-3 .  Imaging and P layback  F o r m a t s  (Sheet 2 of 2 )  

rdlx. Rec , , rde  r IJdtd S t r e a n >  Content.  

Function 

~ d ; ; ~ ~ ~ ~ ~ ~ e ~ m ~ ~ ~ n f  

MDS H ~ g h  R a t e  Data S t r e a m  Contents  

T e l e m e t r y  
M o d e  

M n e m o m c  

IM- 14 

Standard  Encounter  GS&E 
P l u s  Specla1 PRA 

Standard  E n c o u n t e r  C S & E  
P l u s  Specla1 PWS 

Playback P l u s  S tandard  
Encounter  GSLE 

Playback P l u s  S tandard  
E n c o u n t e r  GSLE 

Playback P l u s  S tandard  
E n c o u n t e r  GSLE 

Playback Only 

Playback Only 'A 

E m b e d  cd 
E n g . 4  

Format D - 
- 

MDS Lo\\  Rate  Data 
S t r e a m  Contents  

NOTES: T ~ C  FDS r o l l t e i  ~ r l e n t i c a l  ddta  s t r e d l l l s  t l l  t he  M D S  high rd te  'hdnnel  IISS the.. .-. I r lc l r l l . .  ~ l ~ . ~ ~ ~ ~ , l ~ ~ ~  I <  

A X  ~n blt posltlon H 1s f n r  S I C  ID Flight I  = 1 and F l ~ g h t  L - ' 0  

A T h l s  u,lll consist of n h a t e v e r  d a t a  has  been prevlotisly lplt o n  Ihr  r r , ~ , i i l ~ r  rhc. p l , , s i % l > t ~ < . r  h#i.l> rdt<. 

engxneerlng (LN-  72, MC- 72, o r  MN- 72), GS-2, C S -  3, IM-3, o r  OC- 1 .  

A This 1s  uninterrupted t a p e  playback d a t a  

A A t  t h e  p r e s e n t  t i m e ,  t h e  P r o j e c t  has n o  p l a n s  to d e v e l o p  t h e s e  f o r m a t s .  

C S - L  

G S - 4  

P B - I  

P B - 2  

P B - 3  

P B - 4  

P B - i  

Erlibrtlded 
G S & E ~  

F o r m a t  ID 

- 

Statlts 

Oil 

S ta tus  

On 

Sta tus  

On 

On 

O n  

On 

On 

O n  

O n  

Ernbedderl 
C S C F ~  

F o r m a t  lD 

I IUIIIIOS 

P I  
b'rarne 
Type 

- 

Ernbedderl 
E l i r r n  

F o r m a t  ID 

lll l lJll l l l lS 

P n m e  
F r a m e  
Type  

H 

P r l n i e  
F r a m e  
Type  

NGC 

NGC 

NGC 

NGC 

NCC 

NGC 

NGC 

I 
F r d r n t  

Ft,rrl>dt ID 

P r ~ r n e  
F r a m p D  

F o r m a t  lD 

I OLIJIJIOX 

P i l r ne  
F r a m e n  
F o r m a t  ID 

0OOlOlOX 

0001010X 

0001OlOX 

UUOlOlOX 

000I~J iUX 

U00lOlOX 

00111010h 

On 

On 

On 

O n  

On 

O n  

H 

H 

H 

11 

lull1 1 11X 

lOllI I 1lIX 

IUUI IIJIX 

1 1 1 1 1 1 1 1 1 1 1 \  

\ r d r k d l ~ l c  ( b e , e  ~ < > t < . >  A A1 

\ r a ~ t . . l ~ l ~ ~  i , t , t ,  \ , I!<,, A ,%"<I 

1 IiJlrlIlJX 

1 llllllliJX 

1  I ~ l I O l ~ J S  

1 l l I l ~ I I ~ l Y  

l J 1 d y l , d ~  i 

I ' l r y l , ~ ~ k  

lllilJiOlOY 

lllJlJllJ1llX 

01111101~l\ 

~ ~ ~ ~ I J l I J l ~ l X  

Varlalllc. 

\.I rta1,It. 

l ~ l ~ y l ~ . ~ ~ l ~  

l > l d y l > d ~ h  

l J l a y l > d ~ . ~  

! I  

V* r l * ~ > i r  ( s e e  ~ o t c  A I 

Vdr,al,l,. ( , v v  Not*. Al - 

V ~ r ~ ~ l ~ l ~ ~  Ise,. Nrntv Al 

IIJIl11IIX IllJlOlUX OOOlOlOX 



*3. 1. 3. 1 Modulo 216 Counter  (MOD 16). MOD 16 is a 16-bit  b ina ry  counter  
inc remented  e v e r y  48 minu tes  by  the  r e s e t  of the MOD 60 counter .  
Th i s  counter  wil l  keep unambiguous account  of t i m e  fo r  6 y e a r s .  
Eight  b i t s  of the MOD 16 count a r e  inse r ted  in  e ach  minor  f r ame .  
Table  3 -4  def ines  the location of the e ight  m o s t  significant  b i t s  and the 
e ight  l e a s t  s ignificant  b i ts  of MOD 16 count as provided in e a c h  of 
the  l i s t ed  fo rma t s .  

* Table 3-4. FDS Modulo 216 (MOD 16) Count Reconst ruct ion I 

F o r m a t  

GS-2, GS-4, 
IM-3 , .  . . , IM-14,  
PB-1 ,  PB-2 ,  P B - 3  

GS-3, IM-2, OC-1,  
CR-  1 

CR-2 

CR-6 

Any 10 bps  ENGR 
f o r m a t  

Any 40 bps  ENGR 
f o r m a t  

Any 1200 o r  7200 
bps ENGR f o r m a t  

MOD 60 
Count 

N /A  
N/  A 

N /  A 
N /A  

N/A 
N / A  

2d LSB = O 
2d LSB = 1 

2d LSB = 0 
2d LSB = 1 

00, 02, 04, 
. . . ,  58 

01,  03, 05, 
. . . ,  59 

N/  A 
N/A 

N/A  

Line Count 

001, 003, 005 , .  . . , 799 
002, 004, 006, .  . . , 800 

001, 021, 041 , .  . . , 781 
011, 031, 051 , .  . . , 791 

001, 041, 081 ,..., 761 
021, 061, 101 , .  . . , 781 

001, 641, 481 
321, 161 

321, 161 
001, 641, 481 

N /A  

N / A  

001, 401 
201, 601 

001, 014, 027, 041 , .  . . , 787 
007, 021, 034, 047 , .  . . , 794 

1 

Modulo 2 16 

Bi ts  

8 LSB 
8 MSB 

8 LSB 
8 MSB 

8 LSB 
8 MSB 

8 LSB 

8 MSB 

8 LSB 

8 MSB 

8 LSB 
8 MSB 

8 LSB 
8 MSB 

- 



3. 1 .  3.  2  Modulo 60 Coun te r  (MOD 60) .  MOD 60 i s  a  6- bit b inary  counter  
incrernented  e v e r y  48 seconds  by the  r e s e t  of the  Line Coun te r .  
MOD 60 counts  f r d m  z e r o  to  59 and is r e s e t  e v e r y  48 minu tes  

3 . 1 . 3 . 3  Line  Count ( L C ) .  Line Count i s  a  10-bit  b ina ry  counter  i n c r e -  
men ted  e v e r y  66 m s .  L C  counts  f r o m  one to  800.  Th i s  coun te r  
i s  r e s e t  a f t e r  48 s e c o n d s .  

Golay Coding 

W 3 . 2 .  1 Func t ion .  The Golay (24,  12) code ,  together  with a  K = 7,  v  = 112 
convolutional  code ,  i s  employed on MJS77 t o  c o n s t r u c t  a  concaten-  
ated high r a t e  d a t a  channel  which s imul taneous ly  s a t i s f i e s  two 
d i f fe ren t  s c i e n c e  d a t a  e r r o r  r a t e  r e q u i r e m e n t s  dur ing  p lane ta ry  
e n c o u n t e r s .  G e n e r a l  s c i e n c e  and eng inee r ing  d a t a  i s  Golay coded 
p r i o r  t o  being t i m e  mul t ip lexed with non-Golay coded imag ing ,  high 
r a t e  P R A  o r  high r a t e  PWS d a t a .  The p e r f o r m a n c e  of the code i s  
s u c h  tha t ,  a f t e r  being decoded,  g e n e r a l  sc ience  and engineer ing  
da ta  wi l l  b e  de l ive red  to  the  u s e r s  with a n  e r r o r  r a t e  of ( 5 x 
even though the  o v e r a l l  high r a t e  da ta  channel  was  ope ra t ed  a t  a n  
e r r o r  r a t e  of 5 x  10-3 .  

m*3.2.2 Code Opera t ion .  The Golay (24,  12) code t r a n s f o r m s  a  s e t  of 
12 d a t a  b i t s  in to  a  Golay code word c o m p r i s e d  of 24 b ina ry  code 
s y m b o l s .  The f i r s t  12  symbols  of a  Golay code word a r e  ident ica l  
to  the 12 o r ig ina l  d a t a  b i t s  w h e r e a s  the l a s t  12 symbols  of the 
Golay code word a r e  a  l i n e a r  function of the 12 d a t a  b i t s .  The  code 
h a s  the p r o p e r t y  that  a n y  combination of L 3  symbol  e r r o r s  in a 
Golay code word can  b e  exac t ly  c o r r e c t e d  and the o c c u r r e n c e  of 
exac t ly  4  symbol  e r r o r s  can  be  unequivocally de tec ted .  [ ~ f  > 4 
symbol  e r r o r s  o c c u r  in a  r ece ived  Golay code w o r d ,  the decoding 
p r o c e s s  wi l l ,  in  g e n e r a l ,  produce  addit ional  symbol  (and b i t )  
e r r o r s  .] 

I* 3.2. 3  In ter leaving Depth.  The MJS77 high r a t e  channel  des ign  employs  
a  K = 7,  v  = 112 convolutional  code which i s  concatenated with the 
Golay code .  The c h a r a c t e r i s t i c s  of the convolutional  coding s c h e m e  
a r e  s u c h  tha t  e r r o r s  in the  Golay code symbol  s t r e a m  tend to o c c u r  
in b u r s t s .  F o r  th is  r e a s o n ,  b locks  of Golay code words  (36  words  
p e r  b lock)  a r e  in te r l eaved  on a  b i t -by-bi t  b a s i s  to  provide i n c r e a s e d  
protec t ion  aga ins t  b u r s t  e r r o r s  . This  in te r l eav ing  p r o c e s s  i s  
shown i n  F i g u r e  3-3. Note that  desp i t e  the in ter leaving p r o c e s s ,  the 
f i r s t  432 symbols  of the Golay code block a r e  ident ica l  to  the 
o r ig ina l  432 da ta  b i t s .  The net  e f fec t  of th i s  in te r l eav ing  p r o c e s s  
( r e f e r e n c e d  to  a s  " in ter leaving to depth 36") i s  tha t  the length of 
an e r r o r  b u r s t  m u s t  be  g r e a t e r  than 108 symbols  before  the e r r o r  
c o r r e c t i o n  p r o p e r t i e s  of the  Golay code a r e  exceeded .  

me 3. 2 . 4  Bit  O r d e r  

All w o r d s  in  a l l  f o r m a t s  a r e  i n s e r t e d  into the  t e l e m e t r y  s t r e a m  MSB 
f i r s t .  Bit  1 i s  MSB. 



1. DATA SEQUENCE IS LEFT-TO-RIGHT 
BY TOPTO-BOTTOM 

2. bi DENOTES THE im IN A 

SEQUENCE OF 432 DATA BITS 
3. s. DENOTES THE im CODE 

SVMBOL OF THE kth CODE WORD 
OF A N  864 SYMBOL GOLAY CODE 

, BLOCK 
(' TAKES ALL INTEGER VALUES 
$ ROM 1 TO 24 AM) k TAKES ALL 
INTEGER VALUES FROM 1 TO 36) 

4. EACH COLUMN IN THE GOLAY CODE 
BLOCK IS A GOLAY CODE WORD 

5 .  THE FIRST 432 SYMBOLS OF THE 
GOLAY CODE BLOCK ARE IDENTICAL 
TO THE ORIGINAL DATA BITS: 

ORIGINAL (UNCODED) DATA SET 

3 , 2  : b2 

S2, 1 b37 

ETC 

ASSOCIATED GOLAY CODE BLOCK 

Figure 3-3. Golay Code Block Construction 



ENGINEERING TELEMETRY 

Engineering Telemet ry  i s  supplied a t  a l l  t imes  during the mission 
and i s  available through the low data ra te  channel (during planetary 
encounter per iods)  o r  through the high ra te  channel in the fo rm of 
embedded f r a m e s  within the science fo rma t s .  

Engineering Data 

Engineering data  i s  composed of measu remen t s  taken f r o m  a l l  
subsys tems  to define the operational s ta te  and monitor  the condition 
of the spacecraf t .  Data r a t e s  f o r  engineering data  a r e  10, 40, 1200 
o r  7200 ( r eco rded )  bps:::. Operational mode and telecommunications 
link capability will determine the selection of data r a t e .  

* 4 . 1 . 1  Measurements  

F D S  provides inputs fo r  243 separa te  engineering measu remen t s .  
Table 4-  1 l i s t s  the engineering measu remen t s  by engineering number ,  
func: tion, and subsys t e m  and indicates the engineering unit range.  I 

2k4. 1 . 2  F o r m a t s  

The s t ruc tu re  of the engineering commutator  is  shown in F igure  4-1. 
This fo rma t  s t ruc tu re  provides positions fo r  230 8-bit  t e lemet ry  
words.  Engineering data m a y  be t ransmit ted in 215 of these word 
positions. The fo rma t  i s  a r ranged  in 5 decks with the 100 deck 
having 60 word positions with 8 words used fo r  FRID and 7 words 
used fo r  subcornmutated data.  Subcommutation of data i s  provided 
by the 200 deck with 20 word posit ions,  the 300 deck with 60 word 
posit ions,  and the 400 deck with 60 word positions. In addition to 
these decks there  i s  the AOO/B00 deck with 30 posit ions utilized 
fo r  AACS data only in engineering f o r m a t s  LN-40, LN-12, LN-72, 
CE-40,  MC-40, MC-12, MC-72, MN-40, MN-12, MN-72, and 
EC -40. 

B 

Table 4-2 l i s t s  the engineering f o r m a t s  by function, mnemonic,  and 
data ra te .  Tables 4-3  through 4-8,  a s  identified below, show the 
commutator  position ass ignments  f o r  each of the engineering te lemet ry  
measu remen t s  l isted in Table 4-  1. 

Table 4-3  - A l l  Engineering F o r m a t s  ( referenced by E-No. ) 
Table 4-4  - LN-40, LN-12, and LN-72 ( re fe renced  by deck 

posit  ion) 
Table 4-5  - CE-40 (as  above) 
Table 4-6 - MC-40, MC-12, and MC-72 (as  above) 
Table 4-7 - MN-40, MN-12, and MN-72 (as  above) 
Table 4-8 - EC-40 (as  above) 

::'Engineering data acquisit ion r a t e  i s  1200 bps ;  however,  f i l ler  bi ts  have been 
added to i nc rease  the r a t e  to 7200 bps for DSS recording.  



A '  Table 4-1. E n g i n e e r i n g  Te l eme t ry  Measurements  (sheet  1 of 1 3 )  

Sheets  1 through 1 3  rev i sed  26 August  1977 

! 

I 
I 

S u b -  
s y s t e m  

00 1  

00 1  

00 1  

M e a s u r e m e n t  
N u m b e r  

E-000  

E-001  

E  - 002 

F D S  
T r e e  

Swi tch  

67 

D4 

5  4  

F u n c t i o n  

S t r u c t u r e  

B a y  1  T e m p  

B a y  2 T e m p  

B a y  3  T e m p  

* ~ e d u n d a n t  m e a s u r e r n e t ~ t  input  t o  b o t h  F D S  C o m m u t a t o r  A a n d  B t r e e  s w i t c h .  

00 1  

00 1  

00 1  

00 1  

00 1  

00 1  

00 1  

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

E n g  
Half 

A 

B 

A 

F D S  Input  

0 .  3 5 / 0 . 7  V 

0 .  3510. 7  V 

0 .  3510.7 V 

E-003 

E-004 

E-005  

E-006  

E-007 

E-008 

E-009  

E-020 

E-021 

E-022 

E-OZ3 

E-024 

E-025  

E-O2b 

E-il27 

E-1128  

~ - n 2 9  

E-030 

E  4 

64 

F 8 

76 

D 5  

7  7  

F 7  

0 6 

8H 

9 A 

2  B 

3A 

AA 

C 6 

BA 

4A 

6C 

CA 

E n g  Uni t  
R a n g e  

- 7 8 / + 1 0 0 ° C  

- 7 8 / + 1 0 0 a C  

-78 l t100 'C  

B a y  4  T e m p  

B a y  5  T e m p  

B a y  6  T e m p  

B a y  7  T e m p  

B a y  A T e m p  

B a y  9 T e m p  

B a y  10 T e m p  

R a d i o  F r e q u e n c y  S u b s y s t e m  

R F S  S t a t u s  No.  1  

R F S  S t a t u s  N o .  2 

R e c e i v e r  VCO C o a r s e  V o l t a g e  

R e c e i v e r  VCO F i n e  V o l t a g e  

R e c e i v e r  A G C  

* R e c e i v e r  ACC 

R e c e i v e r  R a n g i n g  A C C  V 

R e c e i v e r  C u r r e n t  

R e c e i v e r  L o c a l  O s c i l l a t o r  D r i v e  

R e c e i v e r  VCO T e m p  

U S 0  i n n e r  O v e n  C u r r e n t  

B  

A 

B 

A 

B 

A 

B 

A 

B 

B 

A 

A 

B 

B 

B 

A 

A 

B 

0 . 3 5 1 0 . 7  V 

0 .  3510.7 V 

0 .  3 5 / 0 . 7  V 

0 .  3510. 7  V 

0 .  3510. 7  V 

0 .  3510.7 V 

0 .  3510.7 V 

D i g i t a l  

D i g i t a l  

0 - 3  V 

0 - 3  V 

0 -3  V 

0 - 3  V 

0 -3  V 

0 -3  V 

0 - 3  V 

0 . 3 5 1 0 . 7  V 

0 - 3  V 

- 7 8 / + 1 0 0 ° C  

-78/+10O0C 

-7P/+10O0C 

-78 /+100°C 

-78/+1OOoC 

I 

-78/+10OoC 

-78/+100 'C 

- 
- 

- t 7 2 . 5  kHz 

- t25 kHz 
-70 t o  -150 d B n l  

-70 t o  -150 dBm 

-70 to -150 d B m  

0  t o  200 rnA 

2 t o  5 m W  

-78/+10O0C 

! 

! 

I 
j 

0  t o  50 mA 



A%*. Table 4-1. Engineer ing Te l eme t ry  Measu remen t s  ( shee t  2 of 13) 

I 

Measurement  
Number 

E-031 

E-032 

E-0 3 3 

E-034 

E-035 

E-036 

E-037 

E-038 

E-039 

E-040 

E-041 

E-042 

E-043 

E-044 

E-045 

E-046 

E-047 

E-048 

E-049 

E-050 

E-051 

'Function i f  the  

-. I 

Function 

Radio Frequency  Subsys tem (Contd) 

S-Band TWTISSA B a s e  T e m p  

S-Band Hybrid T e m p  

S-Band TWTISSA Regulated Voltage 

S-Band T r a n s m i t t e r  Drive 

S-Band TWT Cathode CurrentISSA Input C u r r e n t  

S-Band TWT Helix C u r r e n t  

S-Band High Gain Antenna Drive 

S-Band Exc i t e r  C u r r e n t  

X-Band TWT Base  T e m p  

X-Band Hybrid T e m p  

X-Band R F  Monitor T e m p  

X-Bdnd Exc i t e r  T e m p  

X-Band TWT Regulated Voltage 

X-Band TWT Helix Voltape':: 

X-Band TWT Drive 

X-Band TWT Helix C u r r e n t  

X-Band TWT Cathode C u r r e n t  

X-Band Exc i t e r  C u r r e n t  

X-Band High Gain Antenna Drive 

T r a n s m i t t e r  RF Switch T e m p  

Auxi l iary Osci l la tor  T e m p  

Low Gain Antenna Drive 

Eluches Ai rc ra f t  Al te rna te  X-Band TWTA Assembly 

Sub- 
s y s t e m  

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

002 

(2002 XBI)  

F DS 
T r e e  

Switch 

7 C 

DC 

AC 

2 D 

3 C 

BC 

9C 

4C 

F C 

5C 

E7 

DD 

3 B 

3 B 

9 B 

4B 

AB 

B B 

ZC 

5D 

EC 

4 7 

i s  flown. 

Enp 
Half 

A 

B 

B 

A 

A 

A 

B 

A 

B 

A 

B 

B 

A 

A 

B 

A 

B 

B 

A 

A 

B 

A 

F ~ S  Input 

0.3510.7 V 

0. 3510.7 V 

9 - 3  V 

0 - 3 V  

0 - 3 V  

0 - 3  V 

0 - 3 V  

0 - 3 V  

0. 3510.7 V 

0 .3510 .7  V 

0 .3510 .7  V 

0. 3510.7 V 

0-3  V 

0-3  V 

0 - 3 V  

0 - 3  V 

0 - 3 V  

0-3 V . 
0-3  V 

0.3510.7 V 

0.3510.7 V 

0-3  V 

Enp U n ~ t  
Range 

-78/+10O'C 

-78 / t10O8C 

5 .  54 to 25 .85  v 
(TM'T. XMT 1 )  
-2 .1  to 37.1 V 
(SSA, XhIT 2) 

14 to t 8  ciBm 

4 . 2 5  to  86.12 mA 
(TWT, XhIT 1)  
0 .47  to  4 .16  A 
(SSA. XMT 2) 

1 t o 2 0 m A  

30 to 43. 5 d B m  

0 to 100 mA 

-781t100' c I 

- 7 7 I t l O 0 ' ~  I 
- 7 8 l t 1 0 0 ' C  

- 7 8 / + l 0 O 0 C  

5 to  26. 5 V 

3401. 5 to  4175.6 V 

-2 m t 6  dBrn 

1 to  8 mA 
(TWT 2 ,  W J )  
-0.241 to  5.67 mA 
(TWT 1, HAC, if 
flown) 

2 .93  to 54.67 mA 
(TWT 2, M'J) 
12.18 to 69.21 mA 
(TWT 1 ,  HAC, if 
flown) 

0 to  120 mA 

30 to  44 dBm 

-78/+110 'C 

- 7 8 1 t 1 0 0 ' ~  

30 to  48. 5 dBm 



A s ~ a b l e  4- 1 .  Engineering Te l eme t ry  Measu remen t s  ( shee t  3 of 13) 

~ 1 0 ~ 1  'Der~ic>cl S u b s y s t e t n  

l l D S / F D S / P R A  S t a t u s  ( C D U I T M U  S t a t u s )  

T L I U  S t a t u s  1 

TMU S t a t u s  2 

CDU SNR ( M o s t  S i g n i f ~ c a n t  B y t e )  

CDCT SNR ( L e a s t  S i g n i f i c a n t  B y t e )  

CDU O s c i l l a t o r  M o n i t o r  

i l r ~ . t - . ~ ~ - c . t r ' t ~ n i  
F u n c t i o n  

I ;: .Redundant n i e a s u r e m e n t  lnput  t o  bo th  F'DS C o m m u t a t o r  A a n d  R t r e e  s w i t c h  

S u b -  
s y s t e m  

F D S  
T r e e  

S w i t c h  

E -070  

E-Oil 

E-07L 

E - 0 7 3  

E - 0 7 1  

E - 0 7 5  

E - 0 7 b  

E - 3 7 7  

E-07Y 

E-0:,1 

E - 0 8 3  

E - 0 8 1  

E-OX2 

E - 0 8 3  

E - 0 q 4  

E-OX5 

:%:::I-he t e n ~ p r r a t u r e  t r a n s d u c e r s  f o r  E-083 a n d  E -084  a r e  l o c a t e d  a t  p o s i t i o n s  T , 'S1  a n d  T, 'S4 .  
r e s p e c t i \ - e l y ,  f o r  t h e  S / N  003 ( D T M ) ,  004 (Flt I ) ,  a n d  006 ( P T M )  s h u n t  r a d i a t o r s .  ( S e e  F i g u r e  
04-2 ,  pg. 01-12,  018-505,  V o l .  I\., S e c  I V ) .  F o r  t h e  S/N 005 ( F l t  2 )  r a d i a t o r ,  E-083 a n d  E -084  
d r e  l o c a t e d  ;it p ~ s l t ~ o n s  T/S 3  and  7 /S 2 ,  r e s p e c t i v e l y .  ( S e e  F i g u r e  04 -3 .  pg .  04 -  13.  618-505,  
Vol .  I \ ' ,  S e e .  I V ) .  

E n g  
Half 

Po\ \  e r  S u b s y s t e l ~ i  

L. 4  kHz I n v e r t e r  Input  C u r r e n t  

2 4 ]kHz Inve  r t e  I- Output  Vol tage  

2 4 kHz I n v e r t e r  Output  C u r r e n t  

DC B u s  Vol tage  

D C  Bus C u r r e n t  

Shunt  R e g u l a t o r  Input  C u r r e n t  

: L 4 K H Z  I n v e r t e r  Input  C u r r e n t  

:: 2 1 !;Hz Inv , - r . t c r  0 u t p 1 1 t  Vol tage  

'. 2 .  4 I n v e r t e r  O ~ t p t i t  C u r r e n t  

D C  B u s  Volta;:c 

: l l C  B u s  C u r r p n t  

'::Shunt R e p u l a t o -  I n p ~ ~ t  C u r  ren t  

Shunt Regulator Temp 

:::*Shunt R a d i a t o r  T e m p  1 

**Shunt Rat l la tor  T e m p  2  

RDLI Vol tage  h l o n ~ t o l .  

E n g  Unit 
F D S  Input  R a n g e  

D l g i t a l  

D l g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

0 - 3  V  

0 - 3  V 

0 - 3  V  

0 - 3  V 

0-  3  V 

0 - 3  V 

0 - 3  V  

1 - 3  V  

0 - 3  v' 

0 - 3  V 

'1-3 V 

0 - 3  V 

0 .  35,'tl 7  V  

n .  3510. i v 
0 3510. 7 V 

0 - 3  V 

- 

- 

- 

- 

- 

- 

0 t o  1 0  Adc  

4 0  t o  60  V a c  

0  t o  6 A a c  

0  t o  35 Vdc 

0  t o  10 Adc  

0  t o  15 A d c  

0  t o  10 A d c  

40  t o  60  V a c  

0  t o  6  A a c  

0  t o  35 Vdc  

0  t o  10 Adc  

0  t o  15  Adc  

- 7 3 ! t 1 3 0 ° C  

- 1 6 0 / + 2 4 0 " ~  

- 1 6 0 / t 2 4 0 ° C  

0  t o  50 Vdc  



A Table 4- 1. Engineering Telemetry Measurements  (sheet  4 of 13) 

M e a s u r e m e n t  
N u m b e r  

I S u b -  T r e e  F h f f  
F u n c t i o n  s y s t e ~ n  S w i t c h  

P o u j e r  S u b s y s t e m  ( C o n t d )  

R T G  1  O u t p u t  V o l t a g e  

R T G  2 O u t p u t  V o l t a g e  

R T G  3  O u t p u t  V o l t a g e  

R T G  I O u t p u t  C u r r e n t  

R T G  2 Output  C u r r e n t  

R T G  3  O u t p u t  C u r r e n t  

::: R T G  1  O u t p u t  C u r r e n t  

:::RTG 2 O u t p u t  C u r r e n t  

::: R T G  3  O u t p u t  C u r r e n t  

R T G  1  C a s e  T e m p  3  

R T G  1 C a s e  T e m p  2 

R T G  2 C a s e  T e m p  I  

R T G  2 C a s e  T e m p  3  

R T G  3  C a s e  T e m p  1  

R T G  3  C a s e  T e m p  2 

B a t t e r y  T e m p  

F D S / P W R ! P y r o  S t a t u s  ( 2 . 1  kHz I n v  S t a t u s )  

C o m p u t e r  C o m m a n d  S u b s y s t e m  

C C S  O u t p u t  1  

C C S  O u t p u t  2 

::: C C S  O u t p u t  1  

;:: C C S  O u t p u t  2 

E n g  ' J n i t  
1 F D S  Input  

0 - 3  v 
0 - 3  v 
0 - 3  v 
0 - 3  v 
0 - 3  v 
0 - 3  V  

0 - 3  V  

0 - 3  v 
0 - 3  v 

0 .  3 5 / 0 .  7 V 

0 .  3510 .  7 V 

0 .  3 5 / 0 .  7 V 

0 .  3 5 / 0 .  7 V 

0 .  3 5 1 0 . 7  V  

0 .  3 5 / 0 .  7 V 

0 . 3 5 1 0 . 7  V 

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

0 t n  35 Vdc 

0  t o  35  Vdc  

0  t o  35  V d c  

0  t o  1 0  A d c  

0  t o  1 0  A d c  

0  t o  1 0  A d c  

0 t o  1 0  A d c  

0  t o  1 0  A d c  

0  t o  1 0  A d c  

- 9 / + 3 0 1  " C  

- 9 / + 3 0 1  "C 

- 9 / + 3 0 1 " C  

- 9 / t 3 0 1  " C  

I - 9 / + 3 O l 0 C  

-9 /+301 ' C  

I - 7 8 I t l O O ' C  
- 

R e d u n d a n t  m e a s u r e m e n t  ~ n p u t  t o  b o t h  F D S  C o m m u t a t o r  A and  B t r e e  suzitch.  



A Table 4-1. Engineering Te leme t ry  Measurements  ( shee t  5 of 13) 

E -  110 

E - 1 4 1  

E -  132 

S u b -  
s y s t r r r l  

000  

000 

00 t j  

F l i g h t  D a t a  S t l l ~ s y ~ t e n r  

E'DS S t a t ~ l a  I 

F D S  S t a t u s  L 

F D S  S t a t u s  3 

E-1-13 

E -  144 

E -  145  

E -  146 

E - 0 6 0  

E - 2 3 5  

E - l  50 

E - 1 5 1  

E -  152 

E -  153  

E - 1 5 3  

E - 1 5 5  

E -  15tj 

E -  1 5 7  

E - 1 6 0  

E - 1 6 1  

E - 1 6 2  

E - 1 6 3  

E - 1 6 4  

E - 1 6 5  

E-166 

E - 1 6 7  

E - 1 7 0  

E - 1 7 1  

" ' M e a s u r e m e n t  

En i :  Unit  
R dnKe 

- 

- 

- 

E'DS ID 

8 E 

1 6  

1 7  

F D S  S t a t u s  4  

F D S  S t a t u s  3 

F D S  S t a t u s  b 

F D S  M e r r i o r y  W o r d  

.CIIlS/FL)S/PRA S t a t u s  ( 3 .  8 KHZ A!B S t a t u s )  

F D S I P \ V R  P y r o  S t a t u s  ( F D S  I D )  

F D S  Selcctecl  Sour -ce  Volta .e 

F D S  30 V I n v e r t e r  Oii tput  V o l t a g e  

F D S  1 0  V  B u s  Vol tage  

F D S  Paver C o n v e r t e r  A  t 10 C u r r e n t  

E'DS P o u e r  C o n v r  r t ? ~ -  B t 10 C u r r e n t  

F D S  t 3  V  A D C  A V o l t a g e  

F D S  t 3  V  A D C  B V o l t a g r  

F D S  Tlrrllng t j  Vilc 

F r a m e  S y n c  C o d e  

F r a m e  Sync C o d e  

F r a m e  S y n c  C o d e  

F r a m e  S y n c  C o d e  

F o r m a t  I D  W o r d  

Mod 16 C o u n t e r  

Mod 6 0  a n d  L i n e  C o u n t  

L i n e  C o u n t  

A t t i t u d e  a n d  A r t i c u l a t i o n  C o n t r o l  S u b s y s t e m  

A A C S  O u t p u t  A 

AACS O u t p u t  B 

- 3  V  -12  V $12 V t 5  V  $10 V A  

E n g r  Uni t  R a n g e  -5 .  98  - 1 9 . 4 4  0 t o  0  t o  0  t o  0  t o  0  to  0 t o  
t o  0  V t o  0  V t 1 7 . 8 5  V t 7 . 4 7  V t 1 4 . 8 8  V $14. 8 8  V t 1 4 . 8 8  V 1 1 4 . 8 8  V 

E n g  
Half  

B  

000 

00 b 

00 b 

00 6  

006 

00 o 

000 

006 

006 

00 6  

000 

00 b 

00 b 

L) 0  o 

006 

006 

006 

006 

006 

006 

006 

006 

007  

007  

t 1 0  V B  I 

F D S  Input  

Dig l ta !  

D i g i t a l  

A D ~ g i t a l  * I 
1 5  1:: D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

Dig i ta l  

6 -  3 V  

0 - 3  V 

0 - 3  V 

0 - 3  V 

0 - 3  V 

0 -  3 V  

1)-3 V  

0 - 3  V  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

8 F  

0 8 

0  7 

0  Q 

2 i 

4  5 

B i 

3  5  

A 5 

A 8 

L 'i 

C  5 
- 
- 

- 
- 

- 

- 

- 

- 

- 

- 

0  t o  +14.84  V 

0  t o  15.OV 

0  to 1 . 1 4 A  , 
0 to 1.14A 

0 t o  6.03 V  

0 t o  6. 0 3  V 

0 t o  7.45 V  
- 

- 
- 

- 

- 

A  

A 

n 

A 

A  

B 

H 

B 

B 

k 

B 
- 

- 
- 
- 

- 

- 

- 

- 
- 

- 

- 

- 

0  1  

8  2  

t 1 0  V M  

- D i g i t a l  - i 
- 1 D i g i t a l  

- 

A  

B 

D i g i t a l  

D i g i t a l  

D i g i t a l  

+ I 0  V L  



A * Table 4- 1. Engineering Te l eme t ry  Measu remen t s  (sheet  6 of 13)  

Measurement  
Number 

E-172 

E-173 

E-174 

E-175 

E-176 

E-177 

E-178 

E-179 

E-180 
E-181 
E-182 

E-183  

E-184 

E-185 

E-186 

E-188 

E-189 

E-190 

E-191 

E-192 

E-193 

E-194 

E-195 

E-196 

E-197  

**AACS Note: 
F o r  Cummutator  B use FDS ID number 82.  

E-187, E-198, E-199, and E-229 (AACS memory  locations 20, 3 3 ,  3 4 ,  and 0O)are unused; i t  is intended that  l o c a t ~ o n  00 
never  be  used. 

Function 

Attitude and Articulation Control Subsystem (Contd) 

P i tch  Gyro Accumulated Position 

Power Code Queue Overflow Counter 

Pi tch Sun Sensor  Posi t ion 

Pi tch Calculated Rate 

P i tch  Est imated Position 

Pi tch Sun Sensor  Bias Angle, Fine 

Pi tch Sun Sensor  Bias Angle, C o a r s e  

Yaw Gyro Accumulated Posi t ion 
Bad Par i ty  Counter  
Yaw Sun Sensor  Posi t ion 
Yaw Calculated Rate 

Yaw Est imated Posi t ion 

Yaw Sun Sensor  Bias  Angle, Fine 

Yaw Sun Sensor  Bias  Angle, Coarse  

Roll  Gyro Accumulated Position 

Roll Canopus S ta r  T r a c k e r  Intensity 

Roll Canopus S ta r  T r a c k e r  Posi t ion 

Roll Calculated Rate 

Roll Es t imated  Posi t ion 

Scan P la t form Azimuth Position, C o a r s e  

Scan P la t form Azimuth Posi t ion,  Fine 

Scan P la t form Elevation Posi t ion,  C o a r s e  

Scan P la t form Elevation Posi t ion,  Fine 

Pi tch/Yaw Sun Sensor  Intensity 

Roll  Canopus S t a r  T r a c k e r  Cone Angle 

F o r  Commutator  A use FDS ID number 01. 

Sub - 
sys tem 

007 

007 

007 

007 

007 

007 

007 

007 

007 
007 
007 

007 

007 

007 

007 

00 7 

007 

007 

007 

007 

007 

007 

007 

007 

007 

AACS Mem 
Location 
(Octal) 

0 1 
02 

03 

04 

05 

06 

07 

10 

11 
12 
13  

1 4  

15 

16 

17 

2 1 

22  

2 3 

24 

2 5 

2 6 

2 7 

3 0 

3 1 

3 2 

Eng 
Half 

** 
rp* 

*+ 
IP* 

** 
** 
rp* 

** 
*$ 
rpg 

.,. .,. ... .,. 

.#. ,,.,,. .*, 

.,, .,. .%, .#. 

.,. .,..,. .%, 

.%. ,,. .u .,. 

,,. .*, ,,, .,. 

,,. .,. .>. .*> 

,,. .,. .#. .,. 

.,. .,. .*, .,, 

,,. .,. 4. .,. 

.,. .,. 4. 0. 

,,..,. 0. .r, 

,,. ,,. .<, 4. 

,,. .,. .,. .t. 

. , .s, .t, -. , 

FDS Input 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 
Digital 
Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Digital 

Eng Unit 
Range 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 



A,* Table 4-1. Engineering Te l eme t ry  Measu remen t s  ( shee t  7 of 13) 

h l e a s u r e r n e n t  
Nunibe  r  

Att i turlc  d ~ i c i  i \ ~ . t ~ c u I a t ~ u n  Cclntrol  Su11systen-i ( C o n i d )  I 
AtlCS Sta t t l s  i\ i,rtl 1 

AACS S t a t u s  li'ortl L 

AACS S t a t u s  l l 'ord 3 

AACS S t a t u s  W o r d  4 

AACS S t a t u s  \ V ( ~ r d  i ( M o d e  S t a t u s )  

AACS S t a t u s  Word  b ( G y r o  S t a t u s )  

C o n f i g u r a t i o n  R e g i s t e r  1  ( I  s t )  

C o n f i g u r a t i o n  R e g i s t e r  1 ( 2 n d )  

C o n f i g u r a t i o n  K e g l s t r r  I  ( 3 r d )  

P u s .  P i t c h  A P  V a l v e  P u l s e  C o u n t e r  V a l u e  

N c g .  P i t c h  A P  V a l v e  P u l s e  C o u n t e r  V a l u e  

P o s  Yaw A P  V a l v e  P u l s e  C o u n t e r  V a l u e  

Neg Y a w  A P  V a l v e  P u l s e  C o u n t e r  V a l u e  

A A C S I F D S  S u b s y s t e m  H e a l t h  C h e c k  

P o s  R o l l  A P  V a l v e  P u l s e  C o u n t e r  V a l u e  

N e p .  R o l l  A P  V a l v e  P u l s e  C o u n t e r  V a l u e  

P o s .  P l t c h  T C M  Valve  P u l s e  C o u n t e r  V a l u e  

N e g .  P i t c h  T C M  V a l v e  P u l s e  C o u n t e r  V a l u e  

P o s .  Y a u  T C M  V a l v e  P u l s e  C o u n t e r  V a l u e  

Neg Y a x  T C h I  Valve  P u l s e  C o u n t e r  V a l u e  

C o n f ~ g u r a t i o n  R e g i s t e r  2 ( 1 s t )  

C o n f i g u r h t i o n  R e g i s t e r  2 ( 2 n d )  

Configuration R e g ~ s t e r  2 ( 3 r d )  

AACS S p a r e  

P i t c h  E s t m l a t c d  A c c e l e r a t i o n  

Yaw E s t i m a t e d  A c c e l e r a t i o n  

Rol l  E s t i m a t e d  A c c c l e r a t i o n  

C y c l r  E r r o r  C o u n t e r  

in re ; - run t  1  Counte l -  

S u b -  
s y s t e i l i  

AACS M e m  
L o c a t i o n  
( O c t a l )  

En:: 
Hdlt  F D S  I n p u t  

.,. .,. .. ,. 

.,. . . .,. ,. 

.,, ,. ,. . 

.#. ,. .,. . . 

.,.., . . .,. 

.,. .,. .,. .,. 

.,..,. .,. .,. 

.,..,. 

.,..,. 

.,. .,. .,. .,. 

.,..,. .,. .,. 

,. .,. ,. .. 
.,. ,. ,. ,. 

,. ... 

.,.. . .,. .,. 

.,. ... .,. .,. 

... .<, ,,. .,. 

.,, ... ,,. ,,. 

-8. .t, ,,. .,. 

-8. -8. ,,..,. 

d, .<. ,,. .,. 

.., .,. ,,..,. 

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  



A Table 4-1. Engineering Telemetry Measurements  (sheet  8 of 13) 

M e a s u r e m e n t  
Number  Funct ion  

A t t ~ t u d e  and A r t i c u l a t ~ o n  Con t ro l  Subsys t em (Contd) 

Gyro A  T e m p  

Gyro B  T e m p  

Gyro C T e m p  

Canopus  S t a r  T r a c k e r  1  T e m p  

Canopus  S t a r  T r a c k e r  Z T e m p  

Scan Az imuth  T e m p  

Sun S e n s o r  T e m p  

M e m o r y  A c c e s s  Module  (MAM) Readout  

M e m o r y  Readout  A d d r e s s  I ( z e r o s )  

M e m o r y  Readout  A d d r e s s  2  (b i t s  9-12)  

M e m o r y  Readout  A d d r e s s  3  (b i t s  1 -8 )  

M e m o r y  Readout  D a t a  1 (b i t s  17-18)  

M e m o r y  Readout  D a t a  2 (b i t s  9-16)  

M e m o r y  Readout  Da ta  3  (b i t s  1 - 8 )  

Py ro techn ic  S u b s y s t e m  

F D S / P W R / P Y R O  S ta tus  ( P Y R O  A m p s  Ind)  

C a p a c i t o r  Bank A  Vol tage  

C a p a c i t o r  Bank B  Vol tage  

P ropu l s ion  S u b s y s t e m  

He l ium P r e s s u r e  

T C A P U  N2H4 P r e s s u r e  B r a n c h  1 

T C A P U  + P i t c h  T C M  T h r u s t e r  C h a m b e r  P 

T C A P U  - P i t c h  T C M  T h r u s t e r  C h a m b e r  P 

TCAPU +Yaw T C M  T h r u s t e r  C h a m b e r  P 

Sub- I s y s t e m  FDS ID Half 

56 

F  D 

Locat ion  
(Op t i ca l )  

FDS Input 

0 .  3 5 / 0 .  7 V 

0 .  3 5 1 0 .  7 V 

0 .  3 5 / 0 .  7 V 

0 .  3 5 1 0 .  7  V 

0 .  3 5 1 0 .  7 V 

0 .  3 5 1 0 .  7  V 

0. 3 5 / 0 .  7  V 

Digi ta l  

Digi ta l  

Digi ta l  

Digi ta l  

Digi ta l  

Digi ta l  

Digi ta l  

Digi ta l  

0 - 3  v 
0 - 3  v 

Eng Unit 
Range 1 

0  t o  500 ps i a  

0  t o  500 ps i a  

0  t o  350 p s i a  

0  t o  350 p s i a  

0  t o  350 ps i a  



A Table 4- 1. Engineering Telemetry  Measurements  ( shee t  9 of 13) 

M e a s u r e m e n t  
N u m b e r  F u n c t i o n  

P r o p u l s i o n  Sul,system ( C o n t d )  

T C A P U  - Y a w  T C M  T h r u s l e r  C h a m b e r  P 

+ P i t c h  T h r u s t e r  I / + A  E n g  1  C h a m b e r  P (MS B y t e )  

t1 '1 tch  T h r u s t e r  ! / + A  Eng I  C h a m b e r  P ( L S  B y t e )  

- P ~ t c h  T ! l r u s t e r  l l - A  Eng I C h a m l ~ c r  P (MS D ~ t e )  

- P i t c h  T h r u s t e r  11-A E n g  1  C h a m b e r  P ( L S  H y t e )  

t Y a w  T h r u s t e r  1 1 t U  E11g L C h a m b e r  P (MS P y t e )  

+Yaw T h r u s t e r  1 /+I3 k:ng 2 C h a m b e r  P ( L S  B y l e )  

+ R o l l  T h r u s t e r  l l - B  E n q  2  C h a r n b e r  P (MS B y t e )  

+ R o l l  T h r u s t e r  11-13 r n g  2 C h ' ~ m t ) e r  P ( L S  B y t e )  

t P 1 t c 1 i  r h r u s t e r  2 T e m p  

- P i t c h  T h r u s t e r  2 T e m p  

- l a w  T h r u s t e r  I T e m p  

+Yaw T h r u s t e r  2 T c m p  

- Y a w  T h r u s t e r  2 T e m p  

- l io l :  Ttlrnstt  r 1 T e m p  

+ R o l l  T h r u s t e r  2  T e m p  

-1iol l  T h r u s l e r  2  T e m p  

T C A P U  S u r f a c e  T e m p  1 

TCAI'U S u r f a c e  T e m p  2 

T C A P U  T d n k  T c t ~ i p  I 

TC.4PU T a n k  T e m p  2  

T C A P U  F r e d  S y s t e m  T e m p  1  

T C A P U  F e e d  S y s t e m  T c m p  2 

I s o l a t ~ o n  V a l v e  P o s ~ t i o ~ l  B R  1 

I s o l a t ~ o n  V a l v e  P o s i t i o n  BR 2 

-- 
S u b -  

s y s t e m  F D S  Input  I /E2;:i' 

0 - 3  v 
D i g i t a l  

D i g i t a l  

D i g i t a l  

D i g i t a l  

D ~ g i t a l  

D i g i l a l  

D i g ~ t a l  , 

Digital 

0 .  3 i !0 .  7  V 

0. 3510.  7  V 

0. 3510 .  7  V 

0 .  3510 .  7  V  

0. 3 5 / 0 .  7  V 

0 t o  3 5 0  p s i  

- 

- 
- 
- 
- 
- 
- 
- 

- 7 3 1 t 7 6 5 " C  

- 7 3 / t 7 6 5 " C  

- 7 3 1 t 7 6 5 " C  

- 7 3 1  t 7 6 5 " C  

- 7 3 1 t 7 6 5 " C  

E -  300 I P U  Sol id  M u t o r  C h a m b e r  P r e s s u r e  

E - 3 0 1  *IPU Sol td  M o t o r  C h a m l ) e r  P r e s s u r e  1 E-302 I P U  + R o l l  E n g i n e  1  'Temp 01 0 

?--- - 
/ '"edundant m e a s u r e m e n t  input  t o  b o t h  F D S  C o m m u t a t o r  A a n d  B t r e e  s w i t c h .  
I 



A 2& Table 4- 1. Engineer ing Te l eme t ry  Measu remen t s  (sheet 10 of 1 3 )  

I M e a s u r e m e n t  
Number  Func t ion  

P r o p u l s  ion S u b s y s t e m  (Contd)  

I P U  -Ro l l  Engine  1 T e m p  

IPU t R o l l  Engine  2 T e m p  

I P U  -Ro l l  Eng!ne 2 Temp 

I P U  L ine  T e m p  I 

I P U  Line  T e m p  2 

I P U  Solid Moto r  T e m p  1 

I P U  Solid Moto r  T e m p  2 

T e m p e r a t u r e  C o n t r o l  S u b s y s t e m  

SCI P l u m e  Shie ld  T e m p  1 

SCI P l u m e  Shield T e m p  2 

Mechan ica l  Dev ices  S u b s y s t e m  

Sc ience  La tch  P r e s s u r e  

Dev ices /Cab l ing  S ta tus  

Da ta  S t o r a g e  S u b s y s t e m  

DSS Moto r  Vol tage  

DSS T r a n s p o r t  P r e s s u r e  

Mode S ta tus  

P layback  S ta tus  

S I X  Band Antenna S u b s y s t e m  

HGA Main Ref l ec to r  T e m p  

(Disconnec ted )  

HGA X-Band ~ e e d ' ~ o t - n  T e m p  

(Disconnec ted )  

0 - 3  v 
Digi ta l  

0 - 3  V 

0 - 3  v 
Digi ta l  

Digi ta l  

Eng Unit 
Range  I 

0 t o  3000 p s i a  I I 

0 t o  30 p s i a  -. to -6v i I 



A s  Table  4 - 1 .  Engineer ing  T e l e m e t r y  M e a s u r e m e n t s  ( s h e e t  11 of 13) 

Cos1111c R a y  S \ i h s y s t r ~ r r  

C R S  A11dIog D a t a  

C R S  Electronics T r n i p  

C R S  T e l e s c o p e  T e r n p  

t JRA S r ~ i ~ s y s t e r n  

P R A  A n d l o g  D a t a  

FiRA E l r c t r o n i c s  r ~ n 7 i )  

L , l U S / E ' D S / P R A  S t , i t ' l>  (PRA At:t A / B  D < . p l o y )  

I ' i d b ~ i l ~ i  \L d y e  S l ~ b s y s t e m  

PWS A l l d l o g  O u t p u t  A 

: P \ V S  A n a l o g  O u t i , i ~ l  A 

P W S  A n a l o p  O u t l ) i ~ t  B 

' . P W S  A n a l o g  O ~ i t i ~ r i t  B 

P W S  P o \ \ e r .  S(11111ly V o l t a g e  

PWS T e r ~ i i - ,  

I , E C t i  S u l , s y s t e ~ r ~  

I,EC13 A n a l o g  En-ll1c.r r i n z  U,it<t 

1 , E C P  A n a l o g  C d l i l ) ~ - a t i o n  I l i i t a  

( D i s c o n n e c t e d )  

LECP LEMPA Te l  T e m p  

F D S  
T r c e  

S w i t c h  

R e ~ l u n i l ~ i n t  n r o a s ~ i r e n l r . n t  lnpclt  to 110th F D S  C o n l n ~ l ~ t a t o r  A dnii I3 t r e e  s n i t c h  
t ~ e e  i n d i v i d u a l  multiplexer m e a s u r e m e n t s .  



$ Table 4-1. Engineering Telemetry Measurements (sheet 12  of 13) 

M e a s u r e m e n t  
N u m b e r  

E -  600 

E - 6 0 i  

E -  602 

E -  603 

E- 604 

E -  605 

E -  606 

E -  607 

E -  620 

E -  621 

E-  622 

Func t ion  

P h o t o p o l a r i m e t e r  S u b s y s t e m  

P P S  Op t i c s  T e m p  
-- - 
Y P S  A p e r t u r e  Pos i t i on  

P P S  A n a l y z e r  Pos i t i on  

P P S  F i l t e r  Pos i t i on  

P P S  H V P S  Moni to r  

P P S  L V P S  Moni to r  

P P S  S o l a r  S e n s o r  

P P S  E l e c t r o n i c s  T e m p  T r a n s d u c e r  

P l a s m a  S u b s y s t e m  

P L S  Analog Mul t ip l exe r  Output  

P L S  E l e c t r o n i c s  T e m p  

P L S  S e n s o r  T e m p  

E -  623 I P L S  Modu la to r  T e m p  

M a g n e t o m e t e r  S u b s y s t e m  

E -  640 

E -  641 

s y s t e m  E 

UVS S u b s y s t e m  

UVS T e m p  

UVS High Voltage M o n i t o r  

FDS 
T r e e  

Switch  

E-  660 

E -  661 

E -  662 

E -  663 

E -  664 

2  6  A 0 - 3  V -40!+45O~ 

9 E B 0 - 3  V 0 t o  3V 

3 E  A 0 - 3  V 0 t o  3V 

A E B 0 -3  V 0  t o  3V 

4 E  A 0 - 3  V 0  t o  3V 

C E B 0 - 3  V 0  t o  3V 

B E  B 0 - 3  V 0  -0 3V 

D8 B 0 . 3 5 1 0 . 7  V - 7 8 / t 1 0 O o C  

A2 B 0 - 3  V t 

F 6 .B 0 . 3 5 / 0 .  7  V - 7 8 / + 1 0 0 ° C  

70 A 0 .  3 5 / 0 .  7 V - 7 2 5 ,  1 1 7 ~  C; 

Eng  
Half 

MAG Analog Mul t ip l exe r  Output  035 3  8 A 0 - 3  V t 

MAG OB L F M  S e n s o r  T e m p  035 6E  A 0 .  3510. 7  V - 7 8 / + 6 0 ~ ~  

MAG IB  L F M  S e n s o r  T e m p  035 E E B 0 . 3 5 / 0 . 7  V - 7 8 / + 6 0 ~ ~  

MAG OB H F M  S e n s o r  T e m p  035 7E A 0 . 3 5 1 0 . 7  V -78 /+60°c  

MAG IB H F M  S e n s o r  T e m p  035 F E B 0 . 3 5 1 0 . 7  V -78/+60°c  

See individual multiplexer measurements  (618-505, Vol. IV, S r c .  IV) 

F D S  Input 
Eng  Unit 

Range 



Table 4-1. Eng inee r ing  T e l e m e t r y  M e a s u r e m e n t s  ( s h e e t  1 3  of 1 3 )  

Functior-i 
-- -. - 

I t l i a ~ i n  S c i e n c e  S u b s y s t e m  +- 
1 ISS NA A n a l o g  E n p r  T L M  

1 155 ',\'A . ~ i a l o g E t y r I I . \ I  

1 ISS N A  Viclicon T e m p  

i ISS WA V i d ~ c o n  T e m p  

ISS NA F r o n t  O p t l c s  T e m p  ' ISS N A  R e a r  O p t i c s  T r r n p  

iSS \VA Opti,:s Tcrl lp 

IS'S SA P o \ \ e r  S ' lpp iy  Ter-ilp 

) 15s \\ A Po\r-v r 5,1;,pI y T e m p  

' M I R I S  S u b s y s t e m  i 
7  1 MIRIS K a d l o m e t e r  A n a l o g  ~ 
7 1  I I MIKIS K a d l o m e t e r  H ~ g h  G a l n  A n a l o g  

I 
E - 7 1 2  MIRIS P r l m a r y  M l r r o r  T e m p  

I MIRIS i J r l n i a r y  M i r r o r  H e a t e r  A n a l o g  E - 7 1 3  

E - 7 1 4  MIKIS S e c o n d a r y  M i r r o r  Ter l lp  

7 I LIIRIS S e c o n d a r y  M i r r o r  H e a t e r  A n a l o g  
I 

E- 71 o MIRIS R a d i a t i n g  S u r f a c e  T e m p  
I 

E.717 MIRIS Radiating S u r f a c e  i l r a t r r  A n a l o g  

1 1 MIRIS E l e c t r c ~ n i c s  Tzr-i>p 

I.:.; 1 3  / M I R I S  Neon Analog  

7 MIl i IS  S t a n d b y  S ~ ~ p p l y  S t a t u s  

S u b -  
s  ysterr i  

E - 7 5 0  

F D S  ID 

A t t i t u d e  a n d  A r t i c u l a t i o n  C o n t r o l  
S u b s y s t e m  ( C o n t d )  

M e m o r y  A c c e s s  M o d u l e  ( M A M )  R e a d o u t  

E n g  Unl t  

I + S e e  indlvlciudl r i ~ i l l t i p l e x e r  rrieasLIren-irnts j i J18-505 ,  \ o l .  I V ,  S e c .  I V )  I 

039 

I 03q 

0 0 7  

9 7  

CO 

0  0 

B 0 - 3  V  0  t o  14.  7 V p p  

I3 0 - 3  V O t o  3V 

A D i g i t a l  - 



1 MlNOR FRAME (60 WORDS) 

FIXED TELEMETRY WORDS 

(c 8 BITS (TYPICAL) I 
AW DECK BW DECK 

I 
C, 300 DECK 
ul 

DECK CYCLE TIMES WORD RATE RATIOS 

100's EMRY MlNOR FRAME 

200's EMRY 10 MlNOR FRAMES 

AOO/BW's EVERY 15 MlNOR FRAMES 

300's EMRY 30 MlNOR FRAMES 

400's EMRY 60 MlNOR FRAMES 

t 

ENGR RATE 
(b) 

10 

40 

12Q) 

F i g u r e  4-1. MJS77 Enginee r ing  T e l e m e t r y  F o r m a t  S t r u c t u r e  

100 

48s 

121 

0.41 

200 

8 m 

2m 

4s 

A00 
800 

12m 

3 m 

6s 

300 

24 m 

6m 

121 

400 

48 m 

12m 

24s 



% Table 4-2.  Engineering Format s  

Function 

High Rate Launch Engineering 
to MDS 

High Rate Launch Engineering 
to  DSS 

Low Rate Launch Engineering 
C ruis  e Engineering 
High Rate Modified Cruise  

Engineering to  MDS 
High Rate Modified Cruise  

Engineering to  DSS 
Low Rate Modified Cruise  

Engineering 
High Rate TCM Engineering 

to MDS 
High Rate TCM Engineering 

to DSS 
Low Rate TCM Engineering 
Encounter Engineering 
Low Rate FDS Memory Readout 
Low Rate CCS Memory Readout 
Low Rate AACS Memory Readout 
High Rate FDS Memory Readout 
High Rate CCS Memory Readout 
High Rate AACS Memory Readout 

Mnemonic 

LN-12 

Data Rate 
(bps) 

'KData is the s a m e  a s  LN-12, MC-12, o r  MN-12 except fi l ler 
has  been added to increase  r a t e  to  7200 bps for  DSS record-  
ing requirement.  

4 .1 .3  Data F r a m e s  

A minor f r ame  (MF) of engineering data i s  defined a s  one complete 
scan of the 100 deck. A major  f rame of engineering data i s  defined 
a s  one complete scan  of a l l  subcommutated data (excluding science 
multiplexer measurements  described in paragraph 4. 3. 2). 



A* Table 4 - 3 .  MJS77 Engineering Telemetry F o r m a t  ( shee t  1 of 9 )  

STRUCTURE SUBSYSTEM 
€ 000 R A Y  1T 001 6 7  

001 B A Y  2T 001 D4 
002 BAY 3T 001  54 
003 BAY 4T 001  E4 
004 B A Y  5T 001  64  
005 B A Y  6T 001 FR 
006 B A Y  7T 001  76  
007 BAY 8T 001  D5 
008 BAY 91 001 7 7  
009 HAY 10T 001  F7 

ENG 
HALF 

RAUIO FHEoUENCY SUHSYSTEV 
RFS ST1 002 06 A 34R 343 343 344 344 
RF'J ST2 002 8 A  R 349 4 3 4  3 345 
VCO C V 002 9A D 121 121  121  121  1 2 1  
V C O  F V 002 28 A 216 122 122 122 122 * 
R C V  PGC 002 3A A  127 127 127 127 127 
RCV AGC 002 A  A E3 - - - - - RFDUND 
RNG AGC V 002 C6 P - 133 133 128 133 
RCb I 002 BA 9 213 137 137 137 137 * 
LOC OSC 0 002 4A A 413 330 330 413 413 
R C V  vCU T 002 6 C  A  414 414 414 414 414 
US0 O V  I 002 C A R 302 302 131  302 302 
S XMT t3T 002 7C A 415 415 415 415 415 * 
S tlYB 1 002 Dc f3 416 416 416 416 416 
s X Y T  v 002 A C  n 417 319 319 417 417 * 
s X V T  DR 002 20  A 2no 140 140 131  140 * 
S XMT I 002 3C A 131  448 4 4  333 330 * 
S h E L I X I  002 R 

BC R 
419 419 419 419 419 

S tiGA Oft 002 9C - 142 142 134 142 
S EXC I 002 4C A 157 143 143 343 343 
X TNT UT 002 FC F? - 420 420 - 420 * 
X t1YB T 002 5C A - 421 421 - 421 
X kFM T 002 E7 R - 422 422 - 432 
x EXC T 003 no R - 423 423 - 423 
X TWT V 002 3B A - 426 426 - 312 
X 1WT DR 002 9 R  B - 351 351 - 139 
X ~ E L I X I  002 4B A - 359 359 - 359 
X CAT I 002 A B  R - 427 427 - 352 
X EXC I 002 BB f 3  - 428 420 - 311  
X HGA OR 002 2C A - 300 300 - 143 
TRF SHI T 002 50 A 429 429 429 429 429 
AUX oSC T 002  EC El 430 430 430 430 430 
L G A  DH 002 47 A 136 136 136 136 - 

MO~/DEMOLI  SUBSYSTEM 
060  MFP ST 003 07 A 124 124 124 124 124 
0 6 1  TFiU ST1 003 88 R 308 356 356 315 348 
Ob2 TMU ST2 003 8C P 309 357 357 316 349 

4-17 



A * ~ a b l e  4 - 3 .  MJS77 Engineer ing T e l e m e t r y  F o r m a t  ( shee t  2 of 9 )  
E No. FUriCTION SIJHSYS FDS ENG LNl+u CE4O MC40 MN40 EC4O CMNTS 

I D  HALF L r ~ 1 2  PC12 MN12 
LPJ72 MC72 MN72 

063 CDU SNH Y 003 0 A A - - 1 5 1  - - 
157  

064 CDU SNk L 003 OF3 A - - 152  - o 

- 150  
065 CDU OSC Y 003 87 l-3 o - - 452  * 

POWER SUBSYSTEM 
INV I N  I 004 C 1 P 115  139  1 3 9  13Q 216  
2.4 IIJV v 004  33  A 300 1 0 9  1 0 9  100 1 0 9  
2.4 I I v V  I 004 4 1 A 110  110  110 110 110  
DC WlS \I 004 2 1  A 112  112  112  112 112  
DC 8115 I 004 3 6  A 1 0 9  115  115  115  1 1 5  
StiUPJT I 004 3 3  A 117  113  113  113  113 
INV I l l  I 004 46  A 447  - - 457 - 
2.4 I P J V  V 004 92 H 450 - 154  - 
2.4 INV I fl04 P 1  f l  312  - - 1 5 1  - 

344 
4icq 

DC S l IS  V 004 c 2  ? 452 - - 206  - 
21"  

DC FJUS I 004 A6 R 3 3 1  - - 133  - 
202 

SHUPJT I 004 96  P 334  - - 153  - 
426 

Stlb~T HG T 004 hE3 A 4 3 1  4 3 1  4 3 1  4 3 1  4 7 1  
RALJ T I  004 73 4 432 432 432 432 432 
RALJ Ti! 0 0 4  F3  P 4 3  473 433 433 433 
RDFI V 004 32  A 123  - II - - 
RTG 1 d  004 3n A 357 353 353 353 353  
RTC, 2V 004 90  Fl 354 5 354 354 354  
RTC- SV 004 49  4 355 355  355 355 355 
RTb 1 1  004 An II 323 323 333 3 3 3  323  
RTc,  22 004 40 A 324 324 334 324 334 
RTb 5 1  004 RO E\ 325 325  325  325 325 
RT(7 1 I 004 20 A - - - - - 
RTG 2 1  004 9 1  n - - - 31" - 
H T G  31 C)O4 30 A - - - 35" - 
R T u  113 004 5A A 306 306  300 306  3 Q 6  
R T ~  ITL 004 D A n 3n7  307  307  307 307  
R T b  2 1 1  004 6A A 326  336  302 326 326 
RTG 2T3 no4 E P  r j  327  337  - 327 377 
I?Tb ST1 004 7A A 346  346  - 346 346  
RTG 312 004 FA F3 347  347  - 347  347 
V A T  T 004 ED P 32R - o - - 

C01JIl'tlTElq COMIMA!JC\ SUtjC,YSTEV 
1 3 d  ccs OUT 1 nu5 04  A 119 118  118  l i p  118  
131 C C S  OUT 2 O U 5  05 A 119 119 11Q 1 lQ 119  
1 3 ~  C C 5  OUT 1 005 84  P - o - - - ~ F P u h l n *  
13.5 CC5 OUT 2 0 0 5  85 r - - - - - cFPIlblD* 

4 -18  



A ? J e ~ a b l e  4 - 3 .  MJS77 Engineering Telemetry F o r m a t  ( shee t  3 of 9)  

L NU. 

E NO. 

FUNCTION SURSYS F0S ENG 
I D  HALF 

FLIGHT DATA SUBSYSTEM 
FD5 S T 1  0Oh 8E R 
FDS ST2 006 1 6  A 
FDS ST3  006 1 7  A 
FGS 51'4 006 80 0 
FDS ST5 006 15  A 
F0S STb 006 BF R 
FDS M k3  006 OR A 
SEL SO V 006 25 A 
30V INV 006 45 A 
1 O V  BUS 006 P5 R 
PhiH CON A 006 35 A 
PWfi CdN 6 006 A5 R 
3 V  ADC A 006 A8 €3 
3 V  ADC H 006 28 A 
5v TIMC 006 c 5  n 

ATTITUDE 
FUNCTION 

AACS 0 A 
A A C S  O H 
P GYRO AP 

PC Q CTR 
P SS POSN 

P HATE 
P ES POSN 

P SS t l A  F 
P SS BA C 
Y GYRO AP 

RDPAR CTR 
Y SS POSN 

Y RATE 

AND ARTICULATION CONTROL SUBSYSTEM 
SIJRSYS AACS ENG LN4o CE4O MC4O MN40 EC4O cMNTS 

MEM HALF LN12 MC12 MN12 
LOC LN72 - MC72 MN72 

007 01+ A - - 9 - +FDS I D *  
007 82+ R - - 9 - - + F D S I D *  
007 0 1  ** 103 147 108 108 147 

123 138 139 
138 
153 

007 02 * A04 A00 - - R10 * ** 
A 

007 03 - 148 117 117 108 
128 
148  

007 04 ** 132 117 132 132 117 
007 05 ** A O O  128 1Q7 147 A00 

A05 A05 
A10 

0 0 7  06 ** - 108 R10 E l 0  129  
007 07 ** - A10 A10 A10 A10 
007 10 ** 111 153 111 111 153 

126 141 1 4 1  
1 4 1  
156 

007 11 ** A03 A01 A01 A01 6 1 1  * 
007 1 2  ** - 151  123 123 111 

1 3 1  
1 5 1  

007 1 3  ** 117 123 129  129 123 
147  



ng ine e r  ing Te lemetry Format ( shee t  4 of 9 )  

AACS FFIG 
MFCl HALF 
L O C  
1 4  ** 

111 n i l  srr 132 
A 1 1  A l l  A l l  A l l  
1 5 6  1 1 4  1 1 4  1 5 6  

l a / +  14th 

S C A  AL C 
SCA Ad F 
SCA E L  C 
SCA FL F 
PY SC; I F l T  
R C T  C A  
STAT 1 
STAT L 
STAT 5 
STAT 4 
S T A T  MOnE 
STAT G Y R O  
COIiF1 1 S T  
COI iF l  Lt ID 
Cgr iF1 3RD 
+P AP CTt? 
-P AP CTR 
+ Y  AP CTR 
- Y  AP CTR 
AC/FD5 HC 
+I{ AP CTR 
-R AP CTR 
+P TC CTH 
-P TC CTH 
+ Y  TC CTR 
- Y  T C  CTR 
COPIF2 1ST 
CONF? 2 b ' U  
C014F2 JRD 
AACSSPAPE 
P EST ACC 

1 3 2  - - 1 3 8  
1 3 8  - - 1Q4 
1 3 5  - - 1 3 5  
1 4 1  - - 1 4 1  
A02 A02 A03 A02 
An3 P O 3  A07 An3 
ROI no1 D O I  b n l  
~ n 2  ~ 0 2  G O ?  1302 
903 PO3 f307 Dn3 
~ 0 4  8 0 4  BOIL t3n4 
PO6 El06 0 0 6  t306 
H O ~  8 0 7  PO' f3n7 
An4 A04 A O k  A04 
AOR A O & j  A O P  A08 
A09 A09 A09 A09 
A12 A 1 2  A13 A12 
A12 0 1 2  H I ?  U12  
A13 A13 A13 A13 
U 1 Z  8 1 3  U 1 1  D l 3  
A07 A07 A07 An7 
A14 A14 A 1 4  A14 
n i 4  ~ 1 4  ~ 1 4  ~ 1 4  - A00 A 0 Q  - - R O O  eon - 
- A05 A05 - - R 0 5  H015 - 

not3 - - - * 
H09 - - - * 
R10 - - - * 
FORMAT L I S T I ' J G S )  - n o s  B O ~ )  - * 



A * ~ a b l e  4 - 3 .  MJS77 Engineering Telemetry Format  (sheet 5 of 9 )  

E NO. FUNCTIOrJ SUBSYS AACS FYG 
MEM HALF 
LOC 

225 Y EST ACC 007  6 6  ** 
226 R LST ACC 007  6 7  **  
227 C Y C  E CTR 007  70  ** 
223 I M T  1 C T R  007  7 1  ** 
229 UNUSEL) 007  00 *+ 

GYRO A T 007  
GYRO tj T 007  
GYRO C T 007 
CST 1 K n o 7  
CST 3 T 007  
SCAN A Z  T n o 7  
SUk SEN T 007  

FDS 
I D  

ENG L h l 4 ~  CF4O 
HALF LP.112 

LN72 
A 436  436  
B 437  437  
A 438 438 
A 439 439 
S 4 4  440 
P 4 4 1  4 4 1  
A 425  425  

t FJO. FUPJCT1C)bJ SUBSYS AACS ENG 
MEY HALF 
LOC 

237 MEN RU A 1  007 72 ** 
236 M F M R O A 2  007  7 3  ** 
233 MEM R O  A 3  007  7 4  $* 
240 M E F l R O D l  007  7 5  ** 

242 MEM RO 03 007 77 $* 



A+i . i~ab l e  4-3. MJS77 Engineer ing  T e l e m e t r y  Format (sheet 6 of 9 )  

t NO, FIJI.ICTION Sl ibSYS FDS Err(; L P l t r ~  CE40 MC40 MN4Q EC40 CMNTS 
ID HALF L ~ \ I ~ L  MC12 MN12 

LN72 PC72 MN72 
PYROTECHIJIC SllrlSY STEV 

243 F/P/P ST 0 0 0  0 9  I\ 1 5 4  4 5 5  4 3 1 7  4(+8 
24c) ~ A I I K  kV 0 0 8  39 A 1 4 5  - - - - 
?4  7 BAIvK UV 0 0 8  4 9  f t  154 - - - - 

PPUPULSION Sl lRSYSTkM 
t . ( E ~ I u b l  P 0 1 0  2 4  A 2 0 7  207  207 1 4 0  3 0 0  
P H L ~ S  d f l i  n i o  9 4  n 2 0 2  312 312 1 4 0  3 5 8  

2 0 9  
+PTCMC'C 0 1 0  3 4  A - - - 1 4 2  - 
-P TCivl PC 0 1 0  A4 9 - - - 1 4 3  - 
+ Y T C M P C  010  4 4  A - - - 145 - 
- Y T C M P C  0 1 0  H4 F1 - - - 1 4 Q  - 
PROP C1VS 0 1 0  OC A 1 3 9  335 3 3 5  3 3 5  335 
PROP ill-s 0 1 0  00 A 1 4 0  3 3 6  3 3 6  3 3 6  3 3 6  
PROP C 2 r ~ 5  0 1 0  0E r, 1 4 2  3 3 7  3 3 7  3 3 7  317 
PROP C2LS 0 1 0  OF A 1 4 3  3 7 8  33f i  3 3 9  338 
PRUP L ~ Y S  n l o  8 0  q 1 4 9  3 3 9  3 3 9  3 3 Q  3 3 9  
PROP C ~ L S  0 1 0  8 1  ~3 1 4 9  3 4 0  3 4 0  3 4 n  3 4 0  
PROP C4hlS 0 1 0  f33 F' 1 5 1  3 4 1  3 4 1  3 4 1  3 4 1  
PROP C4LS 0 1 0  8 6  I 3  152 4 3 4 2  3 4 2  3 4 2  
+P Tt iK2 T 0 1 0  5 1  A 4 1  4 1 2  4 1 2  4 1 2  4 1 2  

426 
- P T H H 2 T  0 1 0  E 1 R 4 2  418 4 1 8  41R 4 1 8  

4 2 7  
- Y T H H ~ T  0 1 0  D l  ri 3 0 1  301 3 0 1  3 0 1  3 0 1  
+ Y T H H 2 T  0 1 0  61 A 4 2 1  4 1 7  4 1 7  4 2 0  4 3 6  

4 4 9  
- Y T Y k 2 T  0 1 0  F 1 H 422 4 5 0  4 5 0  4 2 1  4 2 7  

4 5 0  
-H THHl  T 0 1 0  5 2  A 3 1 0  3 1 0  3 1 0  3 1 0  3 1 0  
+ R T H H d V  0 1 0  7 1  A 4 2 3  952 Q52 422 438 

4 5 3  
- R T H H 2 T  0 1 0  02  P 4 5 4  4 5 4  4 5 4  4 2  4 5 4  

4 5 4  
SllHF T l  0 1 0  7 8  A 3 1 7  3 1 3  3 1 3  3 1 3  3 1 3  
SUfiF T2 0 1 0  F 4  r 314 3 1 4  314 3 1 4  3 1 4  

4 2 9  
TANK 11 0 1 0  60 A 3 1 5  3 1 5  315 2 0 1  3 ? 0  
TAIdK TZ 0 1 0  €8 k7 3 4 5  3 4 5  3 4 5  211 4 5 1  
FEED T 1  0 1 0  68 A 3 3 0  328 3 2 8  2 1 9  3 5 1  
FEED r2 0 1 0  Ft3 t\ 3 1 6  329 329 200 3 1 6  
I S O V A L 1  0 1 0  C R  R 3 1 7  3 1 7  3 1 7  157 317 
I S O V A L 2  0 1 0  C 9  P 318 3 1 8  318 1 5 9  318 
MOTOR PC1 0 1 0  c 3  H 12R - - - - 
MOTOR PC2 0 1 0  22 A 15q - - - - 
+ R E N G I T  n l o  5 0  A 335 - - - I 

- F ! E N G l T  0 1 0  DO t3 336 - - - - 



A * ~ a b l e  4 - 3 .  MJS77 Engineering Telemetry Format (shee t  7 of 9 )  

E NO, FUNCTION SUBSYS FDS 
I D  

304  +R ENG 2 1  010  60  
305 - H E N G 2 T  010 €0 
306  L I N E  7'1 010 75 
307  L I N E  T2 010 F5 
308  MOTOR T 1  010 5E 
30'3 MOTOR T 2  010  DE 

ENG 
HALF 

CE4O MC40 MN4O EC4O CMMTS 
MC12 MN12 
M C 7 2  MN72 

.I 9 9 0 

TEMP CONTROL SUBSYSTEM 
320 SCI  P 3 T 1  0 1 1  E2 R 208  - - - 
3 2 1  SCl PS T2 0 1 1  FO R 2 1 7  - - - 

MECHANICAL DEVICES SCIRSYSTEM 
330 SCI  LP 012 69 R 210 - C - I 

3 3 1  D/C ST 012 0 2  A 133  - o - - 
DATA STOHAGE SUBSYSTEM 

340 DSS IHV 016  2A A 201 - - 2 0 7  329 
3 4 1  DSS P 016  9 9  R 455  - - 455  455 
342  MODE ST 016  88 !3 214  320  320 356 3 5 6  * 
343  PLAYB ST 016  8 9  R 215 3 5 8  358  3 5 7  357  * 

S/X BAND ANTENYA SUBSYSTEM 
350 HGA MR T 017  6 3  A 4 1  410  410 410 410 
351 ( DISCONNECTED 1 
352 HGA XUF T 017  F2 R 343  3 1 1  3 1 1  32n  3 3 1  

A 
353  ( UISCOFJIJECTED 1 A 

C O S M I C  RAY SUBSYSTEM 
36u CHS MU% 0 2 1  29 A - 2 0 1  2 0 1  - 2 0 1  
361 CRS EL T 0 2 1  57 A 332 332  332 3 1 1  332 
362 CHS TEL T 0 2 1  07 P 3 1 9  208  208  312  319  

P R A  SUBSYSTEM 
4lct pH/\ MUX 022 2E A - 210 1 4 8  210 210 
4 1 1  PRA EL T 022  ne R 435 413 413 300 435 

PLASSIA WAVE SUHSYSTE" 
430 PUS OUT A 023  4 2  A - - o I 

4 3 1  PCS OUT A 023  95 A - - - .. - REDUWD 
432 PWS OUT B 023  A 3  R I - .I - 
433 PWS OUT B 023  3 1  A 9 - .I - REOUND 
434 PNS V 023 93 P - 3 0 9  309 3 2 8  315 * 
435  PWS T 023  58 A 329  451 4 5 1  329 434 

LECP SUDSYSTEM 
450 ENGR MUX 025 9 8  R - 217  2 1 7  - 2 1 7  
4 5 1  C A L  VUX 025  4 8  A 1 5 4  - - 
452 ( UISCONNECTED 1 A 
453  LEMP 7 025 66 A 333  435 435 435  333 * 



A * ~ a b l e  4-3.  MJS77 Engineer ing T e l e m e t r y  F o r m a t  ( s h e e t  8 of 9 )  

FIJNCTION StJDSYS FD5 EbIG LF140 CE4O 
10 HALF L"J12 

Lfl72 
PtiOTOPOLAR IbqETEU SLHqY STEY 

PPS T 01' 027 26 A - 316  
APtPT tlOS 027 9F 0 - 352 
Ab!LYZ POS 027 3E A - 145  
FILTR POS 027 AE n - 149  
PPS HV r127 4E A - 152 
PPS LV 027 CE P - 157 
SOL SEt4 027 HE R - 331  
PPS EL  T 027 DR n Q5c) 459 

PLi\I;V,\ C,UnSY STE' l  
620 PLS FAUX 032 A2 R - 219 21'4 - 219 
621 PLS EL T 032 F 6  P, 456 456 456 456 456  
b2L  PLS SEfq T 032 70 A 4 5 7  457 457 457 457  
h23 PL5 MOU T 032 5H A 4 4  449 449 4 449 

c I V S  S W S Y  STFM 
h4u IJVS T 034 55 4 434 4 434 434 450 * 
541 I J V 5  t i V  034  CD Q - 3 3 U  334 - 157  - 

k"AGNETOF1E TEt? SlJll'r, IS TEL' 
hbu M A b  VUA 0 3 5  38 fi - 2n2 12:3 334 202 
b61 Oh LFM T 0 3 5  bF r 2 206 306 216 3n5 
tjbd I F !  LFE.1 T 035 EE I I 20a 209 209 200 300  
b0.3 Oft  HFM T 035 7E 4 211 211 211 217 3Q9 
tm4  IFI tIFLi T 035 FF: F! 212 212 212 212 3?8 

I r J A G I  FJG 
~ O L L  N/\ nArA 
681 W A  D A T A  
~ C ) L  U P  VIU r 
6 8 ~  WA Via T 
o H q  NA F01 
h&3~ NA R01 
66" WA OPT T 
t ~ b ?  NA PWt4 T 
ht lo  WA PWH T 

SC l E P I C C  SIIbSY STEM 
n3t, 43 A - 3 1 P  218 - - 
056 63 n - 216 21b - - 
036 F9 !! 447 321 3 2 1  321 2CJ6 
036 69 P 4 4  322 322 329 2 n 7  
0 3 6  D 9  t'h 4 4  305 305  30q 208 
r136 59 A 4 4  308 309 30R 2 1 1  
[I 36 7 9  A 4 4  348 349  3 4 R  219 
r) 36 74  A 4'71 349  34(4 3 4  321 
036 € 9  11 453 350 350 35n 453 * 

MIRIS 5UUSYSTEha 
7111 R A L  ANA 039 4D 
711 R A b  141 C1 0 3'3 I-! D 
712 M R ~ S  PR T 039 rj 3 
7 1 ~  MEIS PV H n3a ~7 
71% M R I S W T  0 3 9  62 
7 1 2  i4HIS S;vj I-! 039 27 
7 1 ~  !4HIS t<5 T 03G 53 
717  M P I S H S I i  0 3 0  37 



A % d ~ a b l e  4 - 3 .  MJS77 Engineering Telemetry F o r m a t  ( shee t  9 of 9 )  

E NO. FUNCTION SUBSYS FDS ENG LN40 CE4O MC4O PN4O EC40 CWNTS 
I D  HALF LN12 MC12 MN12 

LN72 MC72 MN72 

718 MRIS EL T 039 ED f3 424  424 424 424  424 * 
719 NEON ANA 039  9 7  R o o - o - 
720 MRIS SBPW 039  CO R 450 458 458 458 458 * 

ATTITUDE AND ARTICULATION COMT~OL SUBSYSTEM 
750 MAM R OUT 007  00  A o - - - o 

A 
A 

NOTES 
* DENOTES CHANGE. ** FOR COMMUTATOR A USE FUS IDENTIFIER 0 1 ~  

FOR COMMUTATOR R USE FDS IDENTIFIER 82. 

AACS MEMORY READOUT NOTFS 
1) FJOTE THAT COMYUTATOR POSITIOK 158  I S  NOT USFD 

I N  THE AACS CRUISE AF.,ID ENCOUNTER MFMOFtY READ- 
OUT MOUES. 

2 )  I N  AACS LAUNCH* M0T)IFIED CHIJISE, AFJD MANEUVER 
MEMORY RLADOUT MODESv THE AnovE READOUT MEVORY 
LOCATIOYS HEPLACL A A C S  ENG TLM READOUT LOCATIONS. 

3 )  I N  AACb CRUISE AND EF!COUNTER \?EMORY REAOOUT MOI)ESt 
THE ABOVE READOUT LOCATIONS AHF I F 1  ADDIT I O N  TO 
THF A A C S  ENG TLM RFAOOUT LOCATIONS. 



A ' # ~ a b l e  4-4. MJS77 Telemet ry  F o r m a t  Commuter Listing - 
L N - 4 0 ,  L N - 1 2 ,  and L N - 7 2  Formats ( shee t  1  of 6 )  

E NO. FUrJCT I ON SUUSYS FDS EhG 
HALF 

FRAME SYNC CODE 0 0 0 0  0 0 1 1  
FRAME SYNC CODE 1 0 0 1  0 0 0 1  
FRAME SYqC CODE 0 1 0 1  1 1 1 0  
FRAME SYtJC CODE 1 1 0 1  0 0 1 1  
FORMAT ID WORD 
MOD 16 COUNTER 
MOD 6 0  AND L I N E  COUNT (2 MSD) 
L I N E  COUNT ( 8  LSP) 
P GYKO AP 0 0 7  ** ** 
[IC PUS I 0 0 4  36 A 
2 e 4 I N V I  004  4 1  A 
Y GYROAP 0 0 7  t* ** 
nc nus v 0 0 4  2 1  A 
SHUNT I 0 0 4  2 3  A 
H GYRO AP 0 0 7  ** ** 
INV  IlJ I 0 0 4  C1 I? 
3 0 0  OECK SC 
Y RATE 0 0 7  **  *+ 
CCS OUT 1 0 0 5  0 4  A 
CCS OUT 2 0 0 5  05 A 
AOU OECK SC 
VCO C V 0 0 2  9 A  F3 
RDM V 004  3 2  A 
P GYRO AP 0 0 7  ** ** 
MFP 5T 003  0 7  A 
2 0 0  3ECK SC 
Y GYRO AP 0 0 7  ** ** 
RCV AGC 0 0 2  3A A 
MOTOR PC1 0 1 0  C3 R 
R G Y k O A P  0 0 7  ** **  
4 0 0  OECK SC 
s xvr 1 0 0 2  sc 4 
P RATE 0 0 7  ** ** 
n/c ST 0 1 2  0 2  A 
F/P/P ST 0 0 8  0 9  A 
R HATE 0 0 7  ** **  
L G A  OR O O c  4 7  4 
FDS WD 0 0 6  0 8  b 
P GYRO AP 0 0 7  ** **  
P H O P C l M S  0 1 0  O c  A 
PROP C l L S  0 1 0  OD A 
Y GYRO AP 0 0 7  ** ** 
PROP C2MS 0 1 0  OF A 
PROP C2LS 0 1 0  OF A 
R GYttO AP 0 0 7  ** ** 
PAIJk 9V 0 0 8  3 9  A 



A * ~ a b l e  4-4.  MJS77 Telemetry Format Commutator Listing - 
LN-40, LN-12,  and LN-72 Formats (sheet 2 of 6 )  

DECK E NO. FUNCTION SUBSYS FDS 

300 DECK SC 
Y HATE 007  ** 
PROP C3MS 010 80 
PROP C3LS 010 81 
800  DECK SC 
PROP C4MS 010 83 
PROP C4LS 010 86 
P GYRO AP 007  f *  

BANK BV 0011 A 9  
200 DECK SC 
Y GYRO AP 007  ** 
S EXC 1 002  4C 
MOTOR PC2 010 22 
R GYRO AP 007  t* 

S XMT DR 
DSS MV 
PRESS BR1 
MRIS PM T 
M R I S  SM T 
M R I S  RS T 
08 LFM T 
HELIUM P 
SCI  PS T 1  
IR LFM T 
SCI  LP 
0 0  HFM T 
IB HFM T 
RCV I 
MODE ST 
PLAY0 ST 
VCO F V 
SCI  PS T2 
MOTOR T 1  
MOTOR T2 

P ES POSN 
R ES POSN 
CYC E CTR 
BOPAR CTR 
PC Q CTR 
P ES POSN 
R ES POSN 
AC/FDS HC 

ENG 
HALF 



A % ~ a b l e  4-4.  MJS77 Telemetry F o r m a t  Commutator Listing - 
LN-40 ,  LN-12 ,  and LN-72 F o r m a t s  ( shee t  3 of 6 )  

DECK E NO* 

A00 1 9 2  
A09 1 9 4  
A10 1 7 6  
A l l  191 
ALL 206 
A15 207 
A14 2 b R  

FUNC T I OF1 

SCA AZ C 
SCA EL C 
P ES PusrJ 
R ES POSN 
C O N F l  1ST 
CONFl 2 t ; D  
CONF-1 3F0 

Y ES POSN 
STAT 1 
STAT 2 
STAT 3 
STAT 11 

Y ES POSPJ 
5TAT rJOl)E 
STAT G Y K O  
S C A  AZ F 
SCA t L  F 
Y ES POStJ 
I IJT 1 CTR 
C O r J F 2  1ST 
CatJF2 2tdD 
C O N F 2  3 R 2  

0 7 1  2.4 1 b I V  V 
2 8 6  - Y  TtiR1 T  
0 3 0  US0 OV I 
155 3 V  ADC A 
156 3 V  AUC P 
7 1 3  M R I S  PM t i  
1 0 9  HTG 1 T 3  
1 1 0  RTG 1 1 2  
0 6 1  TMU S T 1  
0 6 2  TMU !3T2 
2 8 9  -R Tt1R1 T  
153 PWR CON A 
0 7 8  2 . 4 I N V I  
2 9 2  S U R F T 1  
2 9 3  SURF 12 
2 9 4  TANK T 1  
2 9 7  FEED T2  
298 I S O V A L 1  
2 9 9  I S 0  V A L  2  
362 CRS TEL T  
SPARE 

S1JLSYS F D S  ErlG 
HALF 

0 0 7  * *  *t 

0 0 7  +* ** 
0 0 7  *+ *+ 
0 0 7  * t  ** 
0 0 7  C +  ** 
0 0 7  * t  * *  
0 0 7  ** * *  



A g ~ a b l e  4-4.  M JS77 Telemetry F o r m a t  Commutator Listing - 
LN-40,  LN-12,  and LN-72 Format s  ( shee t  4 of 6 )  

OECK E NO. FUNCTION 

3 2 1  306 
322 307 
323 103 
324 104 
325 105 
326 11 1 
327 112 
328 115 
329 435 
330 2 9 6  
3 3 1  080 
332 361  
333 453 
334 081  
335 302 
336 303 
337 140 
338 1 4 1  
339 142 
340 143 
3 4 1  144 
342 145 
343 352 
344 078 
345 295 
346 113 
347 114 
348 020 
349 021  
350 1 5 1  
3 5 1  152 
352 SPARE 
353 100 
354 1 0 1  
355 102 
356 715 
357 717 
3 5 8  304 
359 305 

L INE T 1  
L I N E  1 2  
RTG 11 
RTG 21 
HTG 31 
RTG 2 1 1  
RTG 213 
RAT T 
PUS T 
FEED 11 
DC BUS I 
CRS EL T 
LEMP T 
SHUNT I 
+R ENG 1 T  
-R ENG 11 
FDS ST1 
FOS 5T2 
FDS ST3 
FDS ST4 
FDS ST5 
FDS ST6 
HGA XRF T 
2.4 IrJv I 
TANK 1 2  
R T G  311  
RTG 3T2 
RFS ST1 
RFS ST2 
30V INV 
10V BUS 

RTG 1 V  
RTG 2V 
RTG SV 
M R I S  SM H 
MRIS RS H 
+R ENG 2 1  
-R ENG 2T 

SIJBSYS FOS ENG 
HALF 
A 
R 
R 
A 
R 
A 
P 
R 
A 
A 
F! 
A 
A 
R 
A 
R 
R 
A 
A 
R 
A 
R 
R 
B 
B 
A 
R 
A 
€3 
A 
F3 

400 000 HAY 11 001 6 7  A 
401  001  DAY 2 T  001  04 0 
402 002 R A Y  3 T  001  54 A 
403 003 M A Y  4T 001  €4 R 
404 004 BAY ST 001 64 A 
405  005 DAY 6T 001 F8 R 



A * ~ a b l e  4-4. M JS77 Te lemet ry  F o r m a t  Commutator Listing - 
LN-40, LN-12, and LN-72 F o r m a t s  ( shee t  5 of 6 )  

E NO. 

OU6 
(107 
out! 
009 
350 
SPARE 
284 
028 
0 2 9  
031  
032 
033 
154 
036 
285 
287 
288 
290 
718 
236 
0 8 1  
150 
157  
649 
050 
Ot32 
OH3 
084 
640 
4 1 1  
230 
231 
232 
233 
234 
235 
602 
663 
684 
685 
h U 6  
076 
078 
623 
077 
6d7  

F A Y  7 1  
SAY 8 T  
B A Y  9 T  
3 A Y  10T 
l l G A  FIR T  

+P T l lR2  T 
L O C  OSC D 
R C V  VCO T 
S X V T  H T  
$ t I Y t 3  T  
5 X k ' r  V 
Pdt< C O N  B 
S t iF .L IX  I 
-P T t I R 2  T 
+ Y  T n H 2  T 
- Y  T t i R 2  T 
+R T t I R 2  T 
P \ t I S  EL T 
5UF.J LEFJ T  
St iUhlT I 
SEL L O  V 
5V T I M E  
T R F  LW T 
AIJX OSC T 
StiI'JT UG T  
R A U  T 1  
9 4 0  T2 
UVS 1 
PtiA t L  T 
GYRO A T  
GYRO n T  
GYRO C T 
C S T  1 T  
C S T  2 T 
SCA:, AL T  
tr4 V I D  T 
k I A  V I D  T 
TJA FOT 
"14 HOT 
~A OPT T  
I t d V  I N  V 
2.4 I N L  I 
PLS MOD T 
2.4 INV V 
NA PWR T  

SUbSYS FDS ENG 
HALF 

0 0 1  7 6  A 
0 0 1  DS P 
0 0 1  77 A 
0 0 1  F7 F3 

017 63 A 



A e ~ a h l e  4-4. MJS77 Telemetry F o r m a t  Commutator Listing - 
LN-40, LN-12, and LN-72 F o r m a t s  ( shee t  6 of 6)  

DECK €1 NO* FUNCTION 

DC BUS V 
WA PdR T 
-R THR2 T 
DSS P 
PLS EL T 
PLS SEN T 
M R I S  SBPW 
PPS EL T 

SUBSYS FDS ENG 
HALF 
n 
R 
R 
R 
€3 
A 
I! 
P 

NOTES 
* DENOTES CHANGF 
** FOR COMMUTATOR A USE FDS IDENTIFIER 01 ,  

FOR COMMUTATOR B USE FDS IDENTIFIER 82 .  
+ USED FOR AACS MEMORY H E A D O ~ ~ T  I N  THIS  MODE. 

DURING AACS MEMORY READOUT NO DATA I S  OBTAINED 
FROM THE AOO/R00 DECKS, 



A* Table 4-  5. MJS77 Te lemet ry  F o r m a t  Commutator  Listing - 
CE-40 F o r m a t  ( s h e e t  1 of 6 )  

E NO. FUNCTION SUbSYS FnS EIJG 
HALF 

F R A M ~  sYrJc C O D E  0 0 0 0  0 0 1 1  
F H A M t  SYNC CODE 1 0 0 1  0 0 0 1  
FRAME SYrJC CODE 0 1 0 1  1 1 1 0  
F H A M t  SYNC CODE 1 1 0 1  0 0 1 1  
FORhAAT I D  WORD 
MOD 16 COUNTER 
YOU GO AND L I N E  COlltJT ( 2  M S ~ )  
L I N E  COUNT ( 8  LSVI  
P SS CIA F  0 0 7  ** ** 
2.4 IPIV v 0 0 4  33  A 
2.4 INV I 0 0 4  4 1  A 
Y S5 r3A F 0 0 7  * *  t* 

!3C t 'US V 0 0 4  2  1. n 
SHUtdT I 0 0 4  23 A 
P CT IrdT **  

O o 7  56 
** 

3~  F ~ U S  I 0 0 4  9 
3130 UFCK SC 
1' H A T F  0 0 7  ** ** 
CCS O l I T  1 0 0 5  0 4 A 
C C b  3lJT 2 0 0 5  (I 5 4 
A 0 0  UFCK SC 
V C O  L V 0 0 2  9 A  P 
V C O  F \/ 0 0 2  2P A 
Y H A I F  0 0 7  ** *+ 
'IFF' ST 0 0 3 07 A 
3 0 0  dFCk sc 
t? RATE 0 0 7  t *  * 4  

RCV AGC 0 0 2  3A 9 
P E5 POSN 0 0 7  **  **  
F1 C T  I h T  0 0 7  * *  **  
4U0 L)ECK SC 
Y Ec, POStd 0 0 7  * *  ** 
5CA A 2  C 0 0 7  ** *+  
RhIG AGC V 0 0 2  C h  P 

H ES POSN 0 0 7  * *  +*  
SCA EL C 0 0 7  4 *  ** 
LGA L)R 0 0 2  4 7  n 
R C V  I 0 0 2  t 1 P kl 
SCA AZ F 0 0 7  *+ *+  
I N V  l f l  I 0 0 4  C 1 r3 
'1 Xp4T OH 0 0 2  21! b 
SCI\ tlL F 0 0 7  ++ *+ 
5  t i 6 A  LIH 0 0 2  9 C  '7 
S E X C  I 0 0 2  4C r\ 
!? CT I N T  0 0 7  +*  ** 



A * ~ a b l e  4-5. MJS77 Telemetry Format Commutator Listing - 
CE-40 Format (sheet 2 of 6 )  

DECK E NO. FUNCTION SUUSYS FnS 

ANLYL POS 027 3E 
300 OECK SC 
P GYHO AP 007 ** 
PSSPOSN 007 ** 
F I L T H  POS 027 AE 
R O O  OECK SC 
Y SS POSN 007 *$ 
PPS HV 027 4E 
Y GYHO AP 007 ** 
R CT POSN 007 ** 
200 DECK SC 
H GYRO AP 007 ** 
PPS LV 027 CE 
FDS MEM WD 006 08 
R CT I N T  007 ** 

CRS MIJX 
MAG MIJX 
M R I S  PM T 
M R I S  SM T 
M R I S  RS T 
Of3 LFM T 
IIELIUY P 
CRS TEL T 
ID LFY T 
PRA i4UX 
Ot3 HFM T 
I B  HFM T 
YHIS  PM H 
M R I S  SM H 
M R I S  US H 
WA DATA 
ENGR YUX 
h3A DATA 
PLS MUX 

P C  O CTP 
BDPAH CTR 
PY SS I N T  
R CT CA 
COEJFl 1ST 
CYC E CTR 
I ~ J T  1 CTR 
AC/FUS HC 

FIG 
HALF 
A 



A * ~ a b l e  4- 5. MJS77 Te lemet ry  F o r m a t  Commutator  List ing - 
CE-40 F o r m a t  ( s h e e t  3 of 6 )  

A08 2 0 7  
A09 2 0 8  
A l b  1 7 8  
A l l  1 8 5  
A12 2 0 9  
A13 2 1 1  
A14 2 1 4  

i 3 O O  2 2 3  
150 1 2UI3 
dOL 301 
a 0 3 2 0 2  
tl U 4 2 0 3  
f$05 223 
H o b  2 0 4  
:307 205 
HOR 220 
t3 11 9 221 
H I 0  222 
H I 1  2 2 3  
1312 2 1 0  
H13 212 
13 1 4  215 

FUrJCTION SUbSY5 FDS FrqG 
IiiiLF 

CONFl  2ND 0 0 7  * *  ** 
COlJFl 3110 0 0 7  * *  ** 
P S I ; R A C  0 0 7  **  +* 
Y SS RA C 0 0 7  ** * *  
+P AP CTR 0 0 7  **  +*  
+ Y  AP CTR 0 0 7  ** + *  
+R AP CTR 0 0 7  ** +*  
AACSSPAHE 
?,TAT 1 
STAT 2 
STAT 3 
STAT 4 
ARCSLPARE 
STAT MODE 
STAT GYRO 
COIJF.2 1ST 
COtJF2 2hD 
COPIF2 3Hn 
AACSSPARE 
-I1 AP CTH 
- Y  AP C T R  
- I ?  !IfJ CTR 

X t l r ~ A  DR 
- Y  T l i R l  T 
US0 OV I 
3'4 DL)C A 
3 V  AuC (3 

~ I A  FOT 
R T G  113 
Q T G  1 1 2  
t\JA R O T  
P1,vS v 
-t? T H l l l  T 
tlSA XRF T 
PSES'3 B l i l  
SURF 11 
5IJHF 1 2  
TAPIK 11 
PPS T OP 
IS0 VAL 1 
I S 0  bAL 2 
S XMT V 
MOUE ST 



A e ~ a b l e  4- 5. M JS77 Telemetry F o r m a t  Commutator Listing - 
CE-40 F o r m a t  ( shee t  4 of 6 )  

E NO. 

682 
6 8 3  
1 0 3  
1 0 4  
1 0 5  
111 
112  
296  
297 
028  
6 0 6  
3 6 1  
SPARE 
6 4 1  
276  
277 
278 
279  
260  
281 
282 
283 
020 
0 2 1  
295 
1 1 3  
114  
6 8 6  
687 
688 
0 4 4  
6 0 1  
100  
1 0 1  
1 0 2  
0 6 1  
062  
3 4 3  
045  

FUtJCT ION 

FJA VID T 
WA V I D  T 
R T G  11 
RTG 2 1  
RTG 31 
RTG 2 T 1  
RTG 2T3 
FEED 11 
FEEL) T2 
LOC usc D 
SOL SEN 
C R S  EL T 

UVS tiv 
PROP C1VS 
PROP C l L S  
PROP C2MS 
PROP C2LS 
PHOP C3MS 
PROP C3LS 
PHOP C4MS 
PROP C4LS 
RFS ST1 
9FS ST2 
TANK T2 
RTG 3 T 1  
RTG 3T2 
WA OPT T 
NA PuJR T 
bJA PWR T 
X TWT OR 
APERT POS 
RTG 1 V  
R T G  2V 
RTG 3V 
TMU S T 1  
TMU ST2 
P L A Y B  ST 
X HELIX I 

EN6 
HALF 
R 
A 
0 
A 
R 
A 
R 
A 
n 
A 
B 
A 

400 000 HAY 11 0 0 1  67 A 
4 0 1  0 0 1  RAY 2 1  0 0 1  04 R 
402  002  BAY 3T 0 0 1  54 A 
403  003 R A Y  4T 001  E4  !3 
404  004  RAY 5 T  0 0 1  6 4  A 
405  005  R A Y  6 T  0 0 1  F8 R 



- - - -  - .  - - - 
-4 3 C O O T  4 r x ~ 1 2 r ~ + + ~ r  4 o - 2 + C C T C ~ + - Y L ;  015t.+r1f~ - - ICT=  r --I 

4 
+ X 3 + W l r U L - l r V  N r  Cn 
a 0  - 4 - 4 + + + + >  0 3 D  N + X J J E  l m  H Z  c. n r o  x a - 4 + +  +I 0 4  
P 2 C - T L J l F W N r W 4 - 4  0 0  w r c 7 ~ + ~ 4 r E X ~ ~ ~ ~ C  W 4 C u 4  



A ? k ~ a b l e  4-  5. M JS77 Telemet ry  F o r m a t  Commutator Listing - 
CE-40 F o r m a t  ( shee t  6 of 6 )  

FUIJC T I ON 

+R THR2 T 
PWH CON A 
-R THR2 T 
F/P/P ST 
PLS EL T 
PLS SEN T 
MRIS SDPW 
PPS EL T 

SUBSYS FDS EtrG 
t i  ALF 
A 
A 
3 
A 
'? 
A 
F3 
R 

NOTES 
* DENOTES CHANGF 
+* FOR COMWJTATOS A USE FD5 I D E N T I F I E R  O t ?  

FOR COMNJTATOR €3 USE FQs I D E N T I F I E R  82. 
+ USED FOR AACS MFMORY READOUT I N  T H I S  MODE, 

DURING AACS MFMOHY REAPoIIT NO DATA I S  OBTAINED 
FROM THE 2 0 0 ,  3 0 0  AND 400 DECKS* 



A*   able 4-6 .  MJS77  Telemetry Format Commutator Listing - 
MC-40 ,  MC-12 ,  and  MC-72  Formats (sheet 1 of 6 )  

1 0 0  
1 0 1  
1 UZ 
l f ~ 3  
1 I14 
l o g  
l o b  
1 0 7  
1 0 h +  
1 0 9  
1 1 0  
l l l t  
1 1 2  
113 
1 1 4 t  
115 
I lt, 
1 1 - I t  
l l b  
119 
120 + 
1 2 1  
1 2 2  
1 2 3 t  
1 2 4  
1 2 5  
1 2 b t  
1 2 -7 
1 2 6  
129t 
1 3 0  
131 
1 3 2 +  
133 
134 
1 3 5 t  
136 
13-7 
1 3 d t  
139 
1 4 0  
1 4 1 +  
1 4 2  
1 4 3  
1 4 4 t  

E NO. FUIJC TI or! SUUSYS F D ~  FIGG 
Y A L F  

F S A Y t  S Y N C  CODE 0 0 0 0  0 0 1 1  
FRAfFL SYIIC COOL 1 0 0 1  0 0 0 1  
F ~ A r g t  S Y Y C  CODE 0 1 0 1  l l l n  
FItAP,'E SYf lC  C O D E  1 1 0 1  O O 1 1  
FOHY?AT ID WORD 
V 0 0  1 6  C O U N T E R  
M O D  b 0  ArJD L I N E  C O l l N T  ( 2  ~ b f \ )  
L I i l t  COIJ t JT  (8 LSB)  
P GYRO AF' 0 0 7  ** **  
2.4 I Y V  V 0 0 4  33 A 
2 . 4  IPJL I 0 0 4  4 1  A 
Y  b Y H O  AP 0 0 7  +* *+ 
IIC n u s  v 0 0 4  21 4 
St1UFJ T I 0114 2.3 4 
'i G Y k O  AP n07  t *  **  
i l C  [{US I 0 0 4  36 4 
300  UECK SC 
P ss P O S ~ J  0 0 7  ** **  
C C S  OlJT 1 0 0 5  04  A 
C C S  OUT 2 005  05  4 
A O O  U E C K  SC 
V C O  C V 0 0 2  9A R 
V C O  F V 0 0 2  LP A 
Y 5'3 POCJrJ 0 0 7  **  * *  
r4FP bT 0 0 3  0 7  I\ 
2 0 0  O E C I  SC 
I? CT P05t l  0 0 7  ** **  
[ ICV  AGC 0 0 2  3~ r\ 
hfiAG 1 ~ 1 0 X  0 3 5  38 4 
Y  RATF 0 0 7  ** *+ 
'+00 d E C K  SC 
(150 O V  I 0 0 2  C A R 
P R A T E  0 0 7  ** ** 
R r l G  AGC V  0 0 2  C h  n 
FUS MEM ;.IJD 0 0 6  O A 4 
R H A T E  0 0 7  **  ** 
L G A  OR 0 0 2  4 7  4 
H C V  1 002 i 3 A  9 
P GYRO AP 0 0 7  ** *+ 
1:JV 1PI I 0 0 4  C 1 q 
5 X"T DR 002  20 A 
Y  G Y H O  AP 0 0 7  ** ** 
S t l G A  DR 002 9C 0 
5 t X C  I 0 0 2  4C A 
I 4  G Y l i O  AP 0 0 7  ** ** 



A %Table 4-6. MJS77 Te l eme t ry  F o r m a t  Commutator  List ing - 
MC-40, MC-12, and MC-72 F o r m a t s  ( s h e e t  2 of 6 )  

DECK E NO. 

200 SPARE 
2 0 1  3bO 
202 713 
203 7 1 2  
2 0 4  7 1 4  
205 7 1 6  
206 6 6 1  
207 270 
206 362 
209 662 
210 604 
2 1 1  6 6 3  
2 1 2  6 6 4  
2 1 3  605 
2 1 4  7 1 5  
215 7 1 7  
216 681 
217 450 
2 1 8  680 
2 1 9  6 2 0  

FUNCTION SUBSYS FDS 

ANLYZ POS 027 3E 
300 OECK SC 
P ES POSN 007 ** 
PRA MUX 022 2E 
F I L T R  POS 027 AE 
R O O  UECK SC 
CDU SNR M 003 0 A 
C D U S N R L  003 OR 
Y ES POSN 007 ** 
CAL MUX 025 48 
200 UECK SC 
R ES POSN 007 ** 
CDU SNR M 0 0 3  0 A 
CDU 5VR L 003 OR 
R CT I N T  007 ** 

CRS MUX 
MHIS PM H 
MRIS PM T 
MRIS SM T 
YRIS  RS T 
of3 I-FM T 
HELIUM P 
Ci iS  TEL T 
IR LFM T 
PPS HV 
OH HFV T 
XU t iFM T 
PPS LV 
M R I S  SM H 
M R I S  RS H 
MA DATA 
ENGR MUX 
r\IA DATA 
PLS MUX 

+P TC CTR 
HDPAd CTR 
PY 5s I N 1  
3 CT C A  
COPJFl 1ST 
+ Y  TC CTR 
R EST ACC 
AC/FUS HC 

E 1.1 G 
HALF 
A 



A * ~ a b l e  4-6.  MJS77 T e l e m e t r y  F o r m a t  C o m m u t a t o r  Lis t ing  - 
MC-40,  MC-12,  and MC-72  F o r m a t s  ( s h e e t  3 of 6 )  

OECK 

A 0 8  
A 0 9  
A l l ,  
A l l  
A 1 2  
A 1 3  
A 1 4  

FUIJC T ION SubSYS FPS 

C o l ~ F l  2ND 0 0 7  ** 
C O P I F 1  3RD 0 0 7  ** 
P S S  FA C 007  ** 
Y 55 C3A C  007 * *  
+P AP C T R  007  * *  
+ Y  AP CTR 007  * *  
t R  AP CTR 0 0 7  **  
-P T C  CTH 
STAT 1 
STAT 2 
STAT 3 
STAT 4 
- Y  T C  C T R  
STAT "0rP)E 
STAT G Y R O  
Y EST ACC 
f' EST ACC 
i' 55 ? A  F 
Y 55 DA F 
-P AP CTH 
- Y  AP CTH 
-8 AP CTR 

)r I I G A  [ JR  
- Y  T t i 9 1  T 
K T G  L T 1  
3 V  ADC A 
3 V  AUC R 
Ilk FUT 
V T G  1 T S  
I ? T G  1 T 2  
r l A  ROT 
f'hS V 
-H T ~ i l i l  T  
r i G A  xl3k T  
F'!7t5'3 bt ' l  
5URF T I  
S(JRF T L  
TAtJk T 1  
F'PS T OF' 
150 VAL 1 
I50 V 4 L  2 
5 X1.11 V 
'b1C)L~t- 5 1  



A* Table 4-6. MJS77 Telemetry Format  Commutator Listing - 
MC-40, MC-12,  and MC-72 F o r m a t s  ( shee t  4 of 6 )  

E NO. FUNCTION 

682 
683 
1 0 3  
1 0 4  
1 0 5  
1 5 0  
151 
2 9 6  
297 
0 2 0  
6 0 6  
3 6 1  
SPARE 
6 4 1  
2 7 6  
277 
2 7 8  
2 7 9  
2 0 0  
2 6 1  
2 6 2  
283 
0 2 0  
0 2 1  
2 9 5  
152 
1 5 7  
6 6 6  
087 
688 
0 4 4  
6 0 1  
1 0 0  
1 0 1  
102  
n b l  
0 0 2  
3 4 3  
0 4 5  

NA V I D  T 
W A  V I D  T 
HTG 11 
R T G  21 
R T G  3 1  
SEL SO V 
30V IYV  
FEED T 1  
FEED T 2  
LOC OSC 0 
SOL SEN 
CRS EL T 

UVS HV 
PROP ClMS 
PROP C1LS 
PROP CZMS 
PROP C2LS 
PROP C 3 K S  
PROP C3LS 
PROP C4MS 
PROP C4LS 
RFS S T 1  
RFS S T 2  
TANK T2 
1 0 v  b11S 
SV T IME 
WA OI'T T 
IJA PkR T 
WA PUJR'T 
X T w T  OR 
APEHT POS 
R T G  1V 
HTG 2 V  
RTG 3 V  
TVU S T 1  
TWU ST2 
PLAYB ST 
X HELIX I 

SUBSYS FOS 

4 0 0  000 RAY 11 0 0 1  67 A 
4 0 1  0 0 1  RAY 2 T  0 0 1  04 R 
4 0 2  0 0 2  BAY 3 1  0 0 1  54 4 
4 0 3  0 0 3  BAY 4 T  0 0 1  € 4  r3 
404 0 0 4  HAY 51 0 0 1  ti 4 A 
4 0 5  0 0 5  HAY 01 0 0 1  Fa S 



A * ~ a b l e  4-6.  MJS77 Te l eme t ry  F o r m a t  Commuta to r  Listing - 
MC-40, MC-12 ,  and MC-72  F o r m a t s  ( s h e e t  5 of 6 )  

E NO. 

0 0 6  
OU7 
0 0 8  
0 0 9  
350  
S P A P E  
2b4 
411 
0 2 9  
0 3 1  
032 
2 d -7 
205  
0 3 6  
03C) 
040  
0 4 1  
042  
71P 
236 
043 
0 4 6  
0 4 7  
0 4 q  
0 5 0  
0 6 2  
0 8 3  
084 
6 4 0  
4 5 3  
339 
251 
232 
233 
234 
255 
140  
1 4 1  
142 
1 4 3  
1 4 4  
145 
0 3 5  
6 2 3  
2ri9 
435 

FUlJCT I OPJ SUbSYS FDS FNG 
9ALF 

!JAY 7 1  0 0 1  76 A 
!3AY b T  0 0 1  95 R 
!3AY 9T 0 0 1  7 7  A 
B A Y  1 0 T  0 0 1  F 7  9 
tiGA FIR T 0 1 7  63 A 

+P TtiR2 T 010  51  A 
PRA LL T 0 2 2  DR S 
sCV VCO T  0 0 2  bc 4 
S X V I  UT 0 0 2  7 C  9 
5 t1YH T 0 0 2  UC 13 
+ Y  T t i R 2  T 0 1 0  bl A 
- P T H R 2 T  010  E 1 S 
5 H E L I X 1  0 0 2  H C  9 
X X M T  BT 0 0 2  FC 9 
X HYri T  0 0 2  5C A 
X HFl4 T 0 0 2  E 7  S 
X EXC T  0 0 2  DD R 
~ ~ H I S E L T  osa ED R 
SdFJ SF11 T 0 0 7  78 4 
X TdT V 0 0 2  3R A 
X C A T  I 0 0 2  At3 9 
X E X C  I 0 0 2  138 P 
TI<F SW T 002 50 A 
A U X  OSC T  0 0 2  EC S 
StdPIT R G  T  004  6P A 
PAD T I  0 0 4  73 4 
9AD r2 0 0 4  F3 9 
~ J V S  r 0 3 4  55 A 
L E FI I' r 0 2 5  66 A 
G Y R O  4 T  007  56 4 
G Y R O  n T 0 0 7  FD P 
G Y R C  C T 0 0 7  7@ A 
CST 1 T 0 0 7  65 A 
CST L T 007 € 5  n 
$CAN A2 T 0 0 7  U6 f3 
FDS ST1 O O b  8F r3 

FDS S T 2  0 0 6  1 6  A 
TDS 5 1 3  0 0 6  1 7  A 
FDS ST4 0 0 b  t3D R 
FJS ST5 0 0 6  15 A 
F35 b T 6  O O b  3F R 

5 XMT I 0 0 2  3 C  I\ 
PLS @00 T 032  5R A 
- Y T H ~ ~ T  0 l n  F 1 R 
F'wS T 023 58 A 



A +(-Table 4-6 .  MJS77 T e l e m e t r y  F o r m a t  Commutator  List ing - 
MC-40, MC- 1 2 ,  and MC- 72 F o r m a t s  ( shee t  6 of 6 )  

FUirCT ION SUBSYS FDS 

+ R T H R 2 T  0 1 0  7 1 
PdR C O N  A 0 0 6  35 
-R THR2 T 010  02 
F/P/P ST 0 0 8  0 9  
PLS EL T 0 3 2  F 6 
PLS SEtJ T 032 7 0  
biHIS SBPW 039 CO 
PPS EL T 0 2 7  08 

NOTES 
**  FOR COMMUTATOR A USE FDS I D E N T I F I E R  0 1 ,  

FOR COMMUTATOR 9 USE FDs IDENTIFIER 82, 
+ USED F O R  AACS MEMORY REAOOUT IN THE MC-12 

AhD KC-72 FORMATS* DURING AACS VEMORY READOUT, 
NU DATA I S  OBTAINED FROM THE AOO/H00 DECK5, 



A* Table 4 -7 .  MJS77 Te lemet ry  F o r m a t  Commutator  Listing - 
MN-40, MN- 12, and MN-72 F o r m a t s  (sheet  1 of 6 )  

leu 1 t, n 
101 It1 
1112 lc2 
103 163 
104 164 
1*)5 1 ~ 5  
lot-, Ir,h 
107 lt7 
108t 1-72 
1119 ('7 1 
110 C72 
lilt 1-14 
11.2 0 73 
113 075 
114+ lbb 
115 0 74 
110 
117, 1 ? I +  

l l b  1 3 0 
119 131 
120+ 
121 022 
122 023 
123t ldl 
124 Oh0 
135 
12bt 189 
117 024 
126 02h 
129t 182 
130 
131 054 
132t 175 
133 000 
134 037 
135t 190 
130 051 
137 0.27 
138t 172 
135) 070 
140 2 7 0 
14lt 179 
142 272 
14.3 273 
144+ l t ih  
145 274 

F t J l i C T  I G l r  SUI*SVS FDS r : d G  

YkLF 
F H A h ' t  SY'IC CODk 0000 0 0 1  1 
FIIA:" SYNC CODE 1 q 0 1  O O O 1  
F R A ' l t  SYI'!C CODE o l  c11 1 1  I n  
FtlA?.lL SYiJC C O D t  1101 O U l 1  
rot<rFA r X U  WCRD 
"700 16 COII"\TER 
'IUU on A r / c l  L I rJ t  T O L ! ~ : T  ( 2  &ALP 
L I t l E  CUUrlT ( 8  L S n )  
P G Y t t O  AP 007 * +  t* 

2.4 I V V  V 004 33 4 
2.4 Ih4V I 004 4 1 d 
Y GYHO A f '  007 ** **  
,-)C f3US V 004 2 1 4 
t I 004 23 A 
r-? G Y d O  AP 007 C *  ** 
r,c [!b5 I 004 36 A 
500 UECK SC 
r' sC, P O S ~ I  007 * *  *t 

CCS dUT 1 005 04 A 
CCS OIJT 2 g05 0 5  4 
A00 UECK SC 
V C O  C: V 002 9 A  n 
VCO k V 002 29 A 
Y S? 1'OSPr 007 ** ** 
YFP ST 003 n7 r\ 
3 0 0  UFCK SC 
H C T  POSf: 007 ** **  
I ? C V  AGC OOL 3P A 
[{PIG AGC V 002 C6 n 
Y P A T E  on7 ** +t 

40U UECK SC 
5 x h q  OR on2 LP 4 
f' R A T E  007 ** *+ 
c u s  I 004 ~6 n 
5 HGA D R  002 9 C  P 
R H A r E  007 + *  * *  
LGA L)P 002 47 A 
H C V  i 002 1 4  f i  9 
P GYKO /\P 007 ++ t* 

I N V  I b I  I 004 c 1 9 
t IEL IUV P 010 24 I\ 
Y GYRO A[' 007 t*  ** 
+P TCM PC 010 34 P 
- P T C M P C  010 A 4 R 
f' GYRO AP 007 * *  ** 
+ Y  ‘ICY PC 010 14 A 



A* Table 4-7. MJS77 Te leme t ry  F o r m a t  Commutator  Listing - 
MN-40, MN-12, and MN-72 F o r m a t s  (sheet  2 of 6 )  

€1 P.10 FUFJCT I O N  SUHSYS FDS 

A O O  2 1 6  
A01 1 8 0  
A02 1 9 6  
A03 1 9 7  
A04 206 
A05 218 
A06 2 2 6  
A07 213 

3 0 0  i )ECK SC 
P ES POSN 007 *t 

- Y T C M P C  0 1 0  84 
P R E S S 6 R 1  010  94 
UOO OECK SC 
2 e 4 I t J V I  004 R I  
SHUNT I 0 0 4  9 6  
Y ES POSN 0 0 7  ** 
2.4 IFJV V 004 92 
3 0 0  OECK SC 
R €5 POSN 0 0 7  ** 
I S O V A L 1  010 CR 
IS0 VAL 2 0 1 0  C 9  
R CT I N T  0 0 7  ** 

FEE0 T 2  
TANK 11 
OC BUS I 
MHIS PM T 
FARIS SM T 
M R I S  RS T  
DC E\US V 
DSS MV 
PRESS BR1 
'IB LFM T 
PRA MUX 
TANK T 2  
If3 HFV T 
V R I S  PM H 
Y H I S  SM H 
M R I S  RS t i  
O d  LFM T 
08 HFM T 
DC BUS V 
FEED T 1  

+P TC CTR 
t3DPAH CTR 
PY SS I N T  
P CT C A  
CONF1 1ST 
+ Y  TC CTH 
H EST ACC 
AC/FDS HC 

E fdG 
HALF 



A+$ Table 4-7.  MJS77 Te l eme t ry  F o r m a t  Commuta to r  List ing - 
MN-40,  M N - 1 2 ,  and MN-72 F o r m a t s  ( shee t  3 of 6 )  

AOb 2 0 7  
A 0 9  2clH 
ti 1 0 1 7 0  
A l l  1C5 
A12 2U9 
4 1 5  2 1 1  
4 1 4  21'4 

FUrlCT I O N  

COIIF 1 2PJD 
COlJFl 3R0 
1' S S  O A  C 
Y 5s 9 A  C 
+ P  AP CTR 
+ Y  4P CTR 
+ t <  AI-' CTQ. 

-F TC; CTFt 
S T A T  1 
S T A T  2 
S T A T  3 
';TAT 4 
-Y  T C  C T R  
S T A T  MOCeL' 
S T A T  G Y P 9  
Y t S 1  A C C  
f' EST A C C  
P S S  t3A F 
Y S S  DA F 
-P 4P CTR 
- Y  AP CTlZ 
- f ?  AP CTR 

f"iA tL T  022 
- Y T H R l T  0 1 0  
111;o O V  I 0 0 2  
3V AUC A 0 0 6  
3 V  ADC f3 0 0 6  
I J A  F O T  0 3 b  
H T G  1 T 3  0 0 4  
R T G  lT2 0 0 4  
I I A  l i 3 T  036  
PdH CON H 0 0 6  
-R Tr fR l  T  O l U  
CR5 tL T  0 2 1  
C Y S  [EL T 0 2 1  
SURF T 1  0 1 0  
SURF Ti: 010 
TSIU STI 01-13 
TMU 5 T 2  003  
F /P /P  S T  OOP 
F35 MEM WD 0 0 6  
PTG 21 0 0 4  
W G A X R F T  017 



A* Table 4-7 .  MJS77 Telemetry Format  Commutator Listing - 
MN-40, MN-12, and MN-72 Formats  (sheet 4 of 6 )  

E NO. FUNCTION 

682 tJA V I D  T  
6 8 3  W A V I D T  
1 0 3  RTG 11 
1 0 4  R T G 2 1  
105 RTG 3 1  
111 H T G 2 T 1  
1 1 2  HTG 2 T 3  
434 PWS v 
4 3 5  PWS T 
SP4RE 
1 5 1  30V INV  
1 5 2  10V BUS 
0 3 5  S XVT I 
660 VAG MlJX 
276 PROP ClhlS 
2 7 7  PROP C l L S  
278 PROP C2MS 
279 PROP C2LS 
2 8 0  PROP C3MS 
2 8 1  PROPC3LS 
202 PROP C4MS 
2&3 PROP C4LS 
039 S EXC I 
020 F7FS ST1  
0 2 1  HFS ST2 
1.13 HTG 311 
1 1 4  RTG 3T2 
686 WA OPT T 
607 NA Pvr'R T 
688 WA P d 9  T 
1 5 3  PWH CON A 
SPARE 
1 0 0  RTG 1V 
1 0 1  R T G 2 V  
1U2 RTG 3V 
342 MODE ST 
3 4 3  PLAYd ST 
1 5 7  S V T I M E  
1 0 8  HTG 31 

SUBSYS FDS Et4G 
HALF 
R 
A 
R 
A 
Fl 
A 
R 
F1 
A 

400  0 0 0  D A Y  IT 0 0 1  67 n 
4 0 1  0 0 1  BAY L T  0 0 1  D4 f7 
402 0 0 2  D A Y  3T 0 0 1  5 4  A 
403 003 f3AY 4T  0 0 1  €4 9 
4 0 4  0 0 4  PAY ST 0 0 1  64 A 
4 0 5  005 [JAY b T  0 0 1  F R  R 



A3r;. Table 4 - 7 .  MJS77 Te lemet ry  F o r m a t  Commuta tor  Lis t ing  - 
MN-40,  MN-12,  and MN-72 F o r m a t s  ( shee t  5 of 6 )  

?,AY I T  
l i A Y  b T  
PAY 3 1  
t 3 A Y  1 0 T  
HGA MU 1 

+P T d R 2  T 
1-OC 05C ! )  
R C L  V C O  T 
S X b ' T  €31 
S t l Y i l  T 
S X?!T V 
-P T t i R 2  T  
S t i E L I X  I 
+ Y  T t i n 2  T 
- Y  THRL T 
+R T h Y 2  T  
-R T t I P 2  T 
FIRIS EL T 
qu1.j 5E l i  T  
+P T I i R 2  T 
-P T t i R 2  T 
SlJKF 12 
TiiF sW T  
AUX L S C  T 
s t i r ,T  R G  T 
G A D  T l  
R A G  13 
l lV5  T 
LEMF T 
C:YRO A T 
GYH:! !' 1 
G Y k O  C T 
CST 1 T 
C S T  L T  
S C A ' I  A %  T 
FDS 5 T 1  
FUS 5T2 
FDS bT.3 
FUS 5 1 4  
F.J5 5T5  
F3S b T t ,  
+ Y  Tt-iPZ T 
I'L'; ,wr; T 
- Y  T t iRZ  i 
SEL ~ ( 3  v 

SUOSYS FDS Eh5 
H A L F  

0 0 1  76 A 
on1 U5 9 
0 0 1  77 4 
001 F 7  q 

017 6 3  A 



Table 4-7.  MJS77 Telemetry Format  Commutator Listing - 
MN-40, MN-12, and MN-72 Formats  (sheet 6 of 6 )  

DECK E NO, FUNCTION 

IFJV I N  I 
+R THR2 T 
-R THR2 T 
nss P 
PLS EL T 
PLS SEN T 
M R I S  SBPW 
PPS EL T 

SUBSYS FDS FNG 
HALF 

004 46 A 
0 1 0  71 A 
010  02  S 
0 1 6  99 B 
032 F6 9 
032 70 A 
039 CO R 
0 2 7  DB R 

NOTES 
* DtNOTES CHANGF 
** FOR COMMUTATOR A IJSE FDS I n E N T I F I E R  0 1 ,  

FOR COMMUTATOR R USE F n s  IDENTIF- IER €33. 
+ USED FOR AACS MEMORY H E A P O ~ J T  I N  T H I S  VObE, 

DURING AACS MFMORY READCIJT NO DATA IS OUTAINEp 
FHOM THE AOO/R00 DECKS, 



A Table 4-8.  MJS77 Te l eme t ry  F o r m a t  Commuta tor  Lis t ing  - 
EC-40  Format ( shee t  1 of 6 )  

FUNCTION SUf3SY5 FDS ENG 
HALF 

FIIAVE SYNC CODt 0 0 0 0  0 0 1 1  
F R A V t  SYNC CODE 1 0 0 1  0 0 0 1  
FRAkX SYNC CODE 0 1 0 1  1110 
F R A V L  SYlJC COOL 1 1 0 1  0 0 1  1 
FORMAT I D  NOHD 
1.100 16 COIIrJTER 
b70U bO ANO L I N L  COlJNT ( 2  MSH)  
L I N t  COUPIT ( 8  L S q )  
P SS PGSll 0 0 7  ** ** 
2.4 i r ~ v  v 004  33 4 
4 1 I 0 0 4  4 1 A 
Y SS PO514 0 0 7  ** ** 
nc taus v 0 0 4  2 1  A 
SHUNT 1 0 0 4  23 A 
P C T  P051\1 0 0 7  **  ** 
DC tlUS I 004  3 6  A 
3 0 0  JECK SC 
P [:ATE ++ 

O o 7  O Q  
** 

CCS OOT 1 005  A 
CCS U!JT 2 0 0 5  0 5  A 
A00 UECK SC 
V C O  C V 002  9 A  R 
vco  F v 0 0 2  2~ n 
Y HATF 0 0 7  *+ ++ 
~ F I '  LT  0 0 3  0 7  A 
300  LIECK SC 
P R A T E  o n 7  **  ** 
I?CV AGC 0 0 2  3A A 
I' S S  P05f.l 0 0 7  ** * *  
P 5 S f 3 A F  0 0 7  ** ** 
1+0U UECK SC 
Y SS P0S.I 0 0 7  **  ** 
Y 5 5 9 A F  0 0 1  $+ * *  
Y N G A G C V  0 0 2  C 6  9 
I? C T  POSV 0 0 7  t* **  
SCA t L  C 0 0 7  **  ** 
F 3 S  YEP dD 0 0 0  U P  A 
H C V  1 00;. 13 A 9 
S C A  A Z  C 0 0 7  t +  *+ 
Y TwT OR 002  9 R  f3 
5 8b4T DP 0 0 2  2 C  A 
S C A  t L  F 007 ** ** 
5 HC-A UH 0 0 2  9C 0 
X I i G A  OK 0 0 2  2C A 
SCA k Z  F 007  4 *  ** 



A % Table 4-8. MJS77 Telemet ry  F o r m a t  Commutator  Listing - 
EC-40 F o r m a t  (sheet  2 of 6 )  

E NO. FUNCTION SUESYS FDS 

SPARE 
360 
660 
712 
714 
716 
6a2 
683 
684 
601 
410 
685 
153 
713 
715 
717 
070 
450 
686 
620 

A O O  176 
A01 191 
A02 196 
A03 197 
A04 206 
A05 176 
AOb 191 
A07 213 

ANLYL POS 
300 DECK SC 
P GYRO AP 
P SS POSN 
F I L T H  POS 
BOO DECK SC 
Y S S  POSN 
PPS HV 
Y GYHO AP 
R CT POSN 
200 DECK SC 
R GYHO AP 
UVS HV 
SOL SEN 
R CT I t J T  

CRS MUX 
MAG MUX 
YRIS  PM T 
WRIS SM T 
YRIS  RS T 
NA V I O  T 
W A  V I D  T 
NA FOT 
APERT POS 
PRA MUX 
I.JA ROT 
PWR CON A 
MRIS PM H 
MRIS SM H 
MRIS RS H 
I N V  I N  I 
EhGR MUX 
WA OPT T 
PLS MUX 

P ES POSN 
H ES POSN 
PY SS ?NT 
R CT C A  
CONFl 1ST 
P ES POSN 
R ES POSN 
AC/FDS HC 

FEU6 
HALF 
A 



Table 4-8.  MJS77 T e l e m e t r y  F o r m a t  C o m m u t a t o r  List ing - 
E C - 4 0  F o r m a t  ( s h e e t  3 of 6 )  

A 13 b 2u7 
A 0 9  20.9 
A 1 b 1 7 6  
A l l  1 ti5 
A I L  2 C) '1 
A13 211  
A14  2 1 4  

FlJNCTIUN 

C O l l F l  2P1~) 
C 0 t ~ F l  SKU 
P S S  U A  C 
Y 55 9 A  C 
+F' AP C T P  
+ Y  PP C T d  
+R A r  C T V  

Y tS r'05rl 
STAT 1 
STAT 2 
STAT 3 
STAT 4 
Y FI-, Posrl 
S T i \ T  VIOL,€ 
S T A T  G Y R O  
I l l 1  1 C T R  
C Y C  L C T U  
L'C 9 C T l i  
ilOflP r (  CTH 
-P AP C T H  
- Y  Ah' C T ' ?  
- ( {  fit '  C T P  

t iELIbpJ P 010 
- Y T W R l T  010 
US0 OV I 002 
3V A b C  A 006 
v AUC P on6 
313 Lk-M T  0 3 5  
R T G  1 T 3  0 0 4  
l < T G  1 T 2  004 
I!) L F M  T 035 
013 HFM T 035 
-I? TtiR1 T  010 
X E X C  I 0 0 2  
X ThT \/ 002 
SURF T 1  010 
SURF T2  010 
P'dS V 0 2 3  
FEEO 12 010 
IS0 VAL 1 010 
I50 VAL 2 010 
CRS TEL T 021 
TAt iK  T 1  0 10 



+$ Table 4-8. MJS77 Te l eme t ry  F o r m a t  Commuta tor  L i s t ing  - 
EC-40 F o r m a t  ( shee t  4 of 6 )  

GECn f NO. FUNCTION 

321 b b 7  
522 605 
323 103 
324 1UL) 
325 105 
32b 111 
327 112 
328 664 
329 340 
330 035 
3 3 1  352 
332 3 b l  
333 453 
33'4 SPARE 
5 3 5  276 
5 3 ~  277 
337 278 
33b 279 
339 i! a 0 
340 281 
341 282 
342 283 
3 4 3  038 
344 C12 0 
345 C12 1 
346 1.13 
347 114 
348 061 
349 062 
350 600 
3 5 1  296 
352 046 
353 100 
3 5 4  101 
355 102  
356 342 
357 343 
358 271 
359 0 4 5  

NA PWR 1 
PPS LV 
QTG 1 1  
PT6 L I  
IZTG 31 
RTG 211 
HTG 2 1 3  
ID HFM T 
DSS MV 
5 XVT I 
tiGA XRF T  
CRS L L  T  
LEMP T 

PROP ClMS 
PHOP C l L S  
P90P CZMS 
PHOP C2L5 
PROP C3MS 
PHOP C3LS 
PROP C4KS 
PROP C4LS 
S E X C  I 
RFS S T 1  
RFS ST2 
RTG 3 1 1  
RTG 3 1 2  
TMU ST1 
TMU 3 1 2  
PPS 1 OP 
FEED 11 
X CA7 I 
R T G  1 V  
9TG 2V 
ftTG 3 V  
MODE ST 
PLAY8 ST 
PRESS BR1 
X HEL IX  I 

SULSSYS FDS EhG 
HALF 
A 
R 
FI 
A 
9 
A 
B 
n 
4 
A 
R 
A 
A 

400 0 0 0  B A Y  11 0 0 1  67 A 
4 0 1  0 0 1  BAY 21  0 0 1  04 R 
402 002  R A Y 3 1  0 0 1  54 A 
4 0 3  003 B A Y  4 1  0 0 1  E4 R 
404 0 0 4  HAY ST 0 0 1  64 A 
405 0 0 5  HAY 6 T  0 0 1  FR R 



a Table 4-8.  MJS77 Te l eme t ry  F o r m a t  Commuta to r  Listing - 
EC-40  F o r m a t  ( shee t  5 of 6 )  

FlJr iCT I O N  

I I A Y  7 T  
i 3 4 Y  d T  
UAY Y T  
FAY 1 0 T  
HGA iv1R T 

+P T t l R 2  T 
L O C  OSC D 
PCV V C O  T 
S X V T  t?T 
5 hYU T 
5 X V T  V 
-tJ TI-In2 T 
5 t l E L I X  I 
X Tu'T t3T 
Y k i Y U  1 
K HFlrl  T 
X t l X C  T 
V J l S  FL T 
SUN 5EFJ T 
+ Y  T t i R Z  T 
- Y  THRZ T 
+ I ?  THR2 T 
Tt3F SW T 
AUX c)SC T 
SYNT HG T 
R A G  T I  
I ? A l l  T2 
F'VS T 
['HA t L  T 
G Y R O  A T 
G Y R O  f j  1 
G Y R O  C T 
C S T  1 T 
C S T  2 T 
SCAP? AZ T 
FJS b T 1  
FDS 5 T 2  
FDS 5 T 3  
FDS 574 
F95 5 T 5  
FDS 5 T b  
F/P/t '  ST  
PLS vi00 T 
uvs T 
TAqK T 2  

SIJHSYS FCC, yl,rl; 
MALF 

0 0 1  76 A 
0 0 1  D 5  D 
0 0 1  7 7  A 
0 0 1  F 7  R 
017 63 4 



A* Table 4-8. MJS77 Telemetry Format  Commutator Listing - 
EC-40 Format  (sheet 6 of 6 )  

DECK E NO* FUNCTI OtJ 

CDU OSC M 
WA PWR T 
-R THR2 T 
OSS P 
PLS EL T 
PLS SEN T 
FIRIS SBPW 
PPS EL T 

SUBSYS FDS ENG 
HALF 

0 0 3  87 R 
0 3 6  E9  R 
010  02 R 
0 1 6  99 R 
0 3 2  Fh R 
0 3 2  70 A 
0 3 9  CO R 
027 DR R 

NOTES 
* DENOTES CHANGE 
** FOR COMMUTATOR A USE FDS IDENTIFIER 01 ,  

FOR COMMUTATOR D USE F ~ s  IDENTIFIER 82. 
+ USED FOR AACS MEMORY READOUT I N  THIS  MODE* 

DURING AACS MFMOHY READOUT NO D A T A  I S  OBTAINE!? 
FROM THE 2 0 0 ,  300 AND 400 DFCKS* 



S a m p l i n g  P e r i o d s  

T h e  fo l lowing  t a b l e  d e f i n e s  t h e  s a m p l i n g  p e r i o d  o f  e n g i n e e r i n g  d a t a  
f o r  e a c h  d e c k  a t  e a c h  of t h e  e n g i n e e r i n g  b i t  r a t e s ;  1 0 ,  4 0 ,  a n d  
1 2 0 0  b p s .  

S a m p l i n g  P e r i o d ,  E n g i n e e r i n g  

R e s o l u t i o n  

E a c h  t e m p e r a t u r e  o r  0 - 3  v o l t  e n g i n e e r i n g  m e a s u r e m e n t  i s  c o n v e r t e d  
i n t o  a 8 - b i t  d i g i t a l  n o r t l  f o r  a d a t a  n u m b e r  ( D N )  r a n g e  of 0  t o  2 5 5  D N .  
T h e r e f o r e  e a c h  uvord h a s  a  r n a x i n ~ u n l  r e s o l u t i o n  of 1 1 2 5 6  (*0. 39 p e r -  
c e n t ) .  

100  

1. 1 .  6  B i t  O r t l e r  

200 

8 r n  

2 n ~  

4 s 

1 0  

40  

1200  

A l l  u ~ o r d s  a r e  i n s e r t e d  i n t o  t h e  t e l e m e t r y  s t r e a m  M S B  f i r s t .  B i t  1  
i s  M S B .  

48  s  

1 2  s  

0 . 4  s  

4 .  2  E n g i n e e r i n g  F r a m e  S t r u c t u r e  

4 . 2 . 1  F r a m e  S y n c h r o n i z a t i o n  C o d e  ( B i t s  1 - 32)  

BOO 

1 2 m  

3  m  

6 s 

F r a r n e  s y n c h r o n i z a t i o n  c o d e  i s  t h e  s a m e  a s  d e s c r i b e d  in  
p a r a g r a p h  3 .  1 .  1 .  

4  2 . 2  F o r m a t  ID Worcl ( B i t s  3 3 - 4 0 )  

300  

2 4 m  

6 m  

1 2 s  

F o r m a t  ID i s  d e s c r i b e d  i n  p a r a g r a p h  3 .  1 .  2 .  

4 0 0  

4 8 m  

1 2 m  

2 4 s  

F l i g h t  D a t a  Systei-rl C o u n t  ( B i t s  41  - 6 4 )  

F D S C  is  t l e sc r ibec l  i n  p a r a g r a p h  3 .  1 .  3 .  F o r  e n g i n e e r i n g  d a t a  
f r a m e s  t h e  t i m e  corlnt p r o v i d e d  i n  t h i s  f i e l d  i s  d 2 p e n d e n t  upon 
t h e  d a t a  r a t e  as f o l l o n  s :  



a )  FDSC a t  1200 bps :  

M i n o r  
M a j o r  F r a m e  
F r a m e  (1 - 60) 

MOD 60 
MOD 1 6  Counte r  
Counter  (0- 59) 

8  LSB" 0  
8  MSB 
8 LSB 
8 MSB 
8 LSB 
8 MSB 

8 MSB 
8 LSB 

Line  
Count 

(1  - 800) 

2 60 8 MSB 794 
3 I 8  LSB 1 1  

e t c .  

.I, 

--Odd numbered  m i n o r  f r a m e s  (L ine  Count = 1 o r  14 o r  27 
MOD 40) .  Output i s  8  LSBs .  

Even  numbered  m i n o r  f r a m e s  ( L i n e  Count = 7 o r  21 o r  34 
MOD 40) .  Output i s  8  MSBs .  

b)  FDSC a t  40 bps:  

Minor  MOD 60 Line  
M a j o r  F r a m e  MOD 16 Counter  Count 
F r a m e  (1 - 60) Counter  (0-  59) (1 - 800) 

1  1 8 LSB':' 0  1  
1  2  8  MSB 0 201 
1 3  8  LSB 0 401 
1  4 8 MSB 0 60 1  
1  5 8 LSB 0 1  

.L 

-'Odd numbered  lminor f r a m e s  (Line  Count = 1 o r  401) .  
Output is 8  L S B s .  

Even  nunlbered nl inor  f r a m e s  (L ine  Count = 201 o r  601) .  
Output i s  8 hilSBs. 



E n g i n e e r i n g  D a t a  S a m p l e  T i m e  

T h e  f o l l o w i n g  p a r a g r a p h s  d e s c r i b e  t h e  r e l a t i o n s h i p  b e t w ~ e e n  t h e  
F D S C  t i m e  i n  e n g i n e e r i n g  m i n o r  f r a m e s  and  d a t a  s a m p l e  t i m e .  

a )  S a m p l e  t i m e  a t  1 2 0 0  b p s :  

C a l l i n g  t h e  b e g i n n i n g  of L i n e  C o u n t  M O D  20 t h e  r e f e r e n c e  
p o i n t  a n d  r e f e r r i n g  o n l y  t o  s a m p l e s  9  t h r o u g h  60 of e a c h  
m i n o r  f r a m e ,  t h e  d e l a y  ( D )  b e t w e e n  F D S C  t i m e  in  t h a t  r n i n o r  
f r a m e  a n d  s a m p l e  t i m e  is: 

C a s e  1: R e l a t i v e  t o  b e g i n n i n g  of ( L i n e  C o u n t  = 1 )  M O D  20 ,  

D = 20  ms  + n ( 6  2 1 3  m s )  I n  = 0 ,  51 

n  = 0  = > t h e  9 th  w o r d  of t h e  m i n o r  f r a m e  

C a s e  2: R e l a t i v e  t o  b e g i n n i n g  of ( L i n e  C o u n t  = 7 )  M O D  2 0 ,  

D = 6 0  m s  + n(6 213  ms) I n = 0 , 5 1  

n  = 0  => t h e  9 th  w o r d  of t h e  m i n o r  f r a m e  

C a s e  3: R e l a t i v e  t o  b e g i n n i n g  of ( L i n e  C o u n t  = 1 4 )  M O D  20 ,  

D = 4 0  ms + n ( 6  2 1 3  m s )  1 n = 0 ,  51 

n  = 0  => t h e  9 t h  w o r d  of t h e  m i n o r  f r a m e .  

b )  S a m p l e  t i m e  a t  4 0  b p s :  

R e l a t i v e  t o  t h e  b e g i n n i n g  of a l i n e  w h o s e  n u m b e r  a p p e a r s  i n  
L i n e  C o u n t ,  t h e  d e l a y  ( D )  b e t w e e n  F D S C  t i m e  i n  t h a t  m i n o r  
frame a n d  s a m p l e  t i m e  ( s a m p l e s  9  t h r o u g h  60)  i s :  

D  = 1 .  1 7  s e c  + n ( 0 . 2 .  s e c ) l n  = 0 , 5 1  

n  = 0  => t h e  9 t h  w o r d  of t h e  m i n o r  f r a m e  

S p e c i a l  P r o c e s s i n g  R e q u i r e m e n t s  

4 . 3 . 1  S t a t u s  W o r d s  

S t a t u s  w o r d s  a r e  d i g i t a l  w o r d s  r e p o r t i n g  t h e  s t a t e  of d i s c r e t e  
e v e n t s  o r  c o n d i t i o n s .  T h e  i n f o r m a t i o n  c o n t e n t  f o r  e a c h  b i t  of 
t h e s e  w o r d s  i s  s h o w n  i n  F i g u r e s  4 - 2  t h r o u g h  4 - 2 2 .  



I I CS3 c w  CS4 CCW .-rn 
I I I S-BAND XMT 2 O N / O F F  -( 3 ] 

NOTE 1: BIT 1 WILL ALWAYS READ "0" WHEN X d A N D  TWTA-I IS O N  IF THE 
HUGHES AIRCRAFT ALTERNATE X d A N D  TWTA ASSEMBLY (2002 X B  1) 
IS FLOWN. 

5 

NOTE 2: HUGHES TUBE, IF FLOWN. 

TWO-WAY N O N - C O H  

h '.!: Figure 4-2. Measurement  No. E-020, RFS Status Word 1 (FDS Identifier 06) 

X-BAND TWTA c s 3  CW/CS4 5-BAND X-BAND TWO-WAY X-BAND S -BAN D RCV 
LO-PWR 1 C C W C O I L O N  I XMT 2 O N  I TWTA l O N  I N O N X O H  O N  I EXC N O  I 5FL I RNCON n N0 1 SEL 1 

X-BAND TWTA c s 3  CW/CS4 5-BAND X-BAND TWO-WAY X-BAND 5-BAND RCV 
HI-PWR 0 CCW COIL OFF 0 XMT 2 O F F  0 TWTA I OFF 0 N O N - C O H  OFF 0 EXC N O  2 SEL 0 RNG OFF I N O .  2SEL C 
:NOTE 1 '  (NOTE 2) 

b U S 0  ON/OFF 4 MSB 

I I X-BAND R A N G I N G  ON/OFF 

U S O O N  1 X-BAND CS5 CS3 CCW/CS4 S-BAND S-BAN D 5-BAND X-BAND 
OFF R A N G I N G  O N  0 CCW COIL O N  1 CW COIL O N  I XMT l O N  1 XMT LO-FWR 1 EXC N O .  1 SEL I TWTA 2 O N  1 

X-BAND CS5 CS3 CCW/CS4 S-BAN D S-BAND S-BAND X-BAND 
R A N G I N G  OFF 1 CCW COIL OFF 0 CW COIL OFF 0 XMT 1 OFF 0 XMT HI-PNR 0 EXC N O .  2 SEL 0 TWTA 2 OFF 0 

3 

Figure 4-3. Measurement  No. E-021, RFS Status Word 2 (FDS Identifier 8A) 

CS5 CCW ON/OFF 

I CS3 CCW/CS4 CW 

S-BAND XMT 1 ON/OFF 

5-BAND XMT FWR 

S-BAND EXC N O .  

X-BAND TWTA 2 ON/OFF 

4 5 



r PRA ANT A 

4.8 kHz TEST/B 

1 
PRA ANT B PRA ANT A 4.8 kHz TEST B 4.8 kHz TEST A TMU 0 CDU B CDU BIT SYNC CDU SUB CAR 
DEPLOYED I DEPLOYED I kNABLED I ENABLED 1 ACTIVE I ACTIVE 1 I N-LOCK 1 IN-LOCK I 

NOT DEPLOYED 0 N O T  DEPLOYED 0 INHIBITED 0 INHIBITED = 0 TMU A CDU A OUT-OF-LOCK 0 OUT-OF-LOCK 0 
NOl t  ' I  INOTE 1 )  ACTIVE 0 ACTIVE 0 

NOTE I: FOR PROPER ANTENNA DEPLOY iNDICATION, 30 VDC POWER 
MUST BE APPLIED TO THE PRA. 

Figure  4-4. Measu remen t  No .  E-060, MDS/FDS/PRA Status (FDS  Identif ier  07)  

F igu re  4-5. Measu remen t  NO. E-061,  TMU Status  1 (FDS Identif ier  8B) 

1 
-- - 

- 3  U P  4-3Al.iD OUTPUT X-YANb 5-SAND 5-aAND S-BAND OUTPU: S-BAND OUTPUT T M U A O N  I 
? 2 N  1 3 N  I 5C Ft ii) ti1 I HI KATE DATA I SC FREQ HI  I 2 O N  1 I O N  

' cir I TMU E O N  0 
C 'OFF 0 5C F h F D  LO 3 LO hATk DATA 0 SC FLLQ LO O 2 OFF 0 I OFF 0 

X-!AND OUTPUT 2 

. 
2 

-- - - -  

X-EAND OUTPUT I 

3 
~ - . . 

$-LAND OUTPUT 2 

S-?AND OUTPUT I 

TMU A ! 

- - 
4 
.-~ ~ 



NOT USED COUNT = 25 COUNT = 2 COUNT = 23 COUNT = 22 COUNT = 2' COUNT = 2' 
X-BAND 

I@ (BIT = 0) M O D  INDEX 1 
I 
0' \ J 5-BAND 
C'L v MOD INDEX 0 

NOTE 1 

2 

NOTE 1: 

MODULATION INDEX IS MEASUREMENT OF 
SIGNAL AMPLITUDE AT RFS. COUNT IS 0 TO 63. 

0 = 350 MVPP 

63 = 1750 MVPP 

SCALE IS 22.22 M V  PER UNIT 

Figure 4-6. Measurement No. E-062, TMU Status 2 (FDS Identifier 8C) 

3 

MOD INDEX 23 

4 

M O D  INDEX 22 

X/S MOD INDEX 

5 



NOTE: ALL PROCESSOR SELECTS WILL EITHER BE A("0") OR E("1") 

1 

Figure  4-7. Measu remen t  No .  E-140, FDS  Status Word 1 (FDS Identifier 8E) 

PROCB 1 PROC B 1 MDS 1/0 8 = 1 PROC 0 1 PROC B 1 PROC B 1 PROC B I PROC B 1 
A 
I PROCA 0 PROCA 0 MDS I/O A = 0 PROC A 0 PROCA 0 PROC A 0 PROCA 0 PROC A 0 

CY' 
r u  

MASTER ?ROC SEL 

2 

MASTER PROC SEL 

3 

MDS I/O SEL 

MASTER PROC SEL 

MASTER PROC SEL 

MASTER PROCZEL 
MASTER PROC SEL 
MASTER PROC SEL 1 



MEM SEL MODE 

PRIME MEN SEL 

MASTER ROC n L  
MASTER PROC SEL 

MEMORY 
SELECT MODE 

(NOTE 1) 

PRIM MEMORY 
SELECT 

(NOTE 1) 

MEMORY SEL C 

8 LSB 

noc B I ?ROC 8 I MEMORY ~ S E L  1 AACS SELECT MEM SEL 
n O C A  0 moc A 0 SELECT C ASEL 0 DATA * 1 UPPER 1/2 1 

(NOTE 1) (NOTE I )  DATA I 0 LWU 1/2 0 

NOT€ 1 

A Figure 4-8. M e a s u r e m e n t  N o .  E-141, F D S  Sta tus  Word 2 (FDS Identifier 16) 

- .- 

BIT ACTIVE PRIMARY SECONDARY 

1 2 4 5 PROc MEMORY MEMORY 

0 0 1 1  
0 1 1  

gDETERh41NED 8Y FDS PROGRAM 

0 0 0 1  
0 1 0 0  

1 0 0 :  
1 1 0 .  
1 0 1 .  
I l l *  

A 
A 
8 
B 
A 
A 
8 
B 

8 
A 
A 
B 

A 
B 
B 
A 

I 



NOTE: THESE BIT NUMBERS 
ARE USED IN FDS 
DOCUMENTS O N L Y  

M E M  A WRITE PRO1 BIT 3 

I M E M  A WRlTE PROT BIT 2 

M E M  A WRITE PROT BIT I 

, M E M  A WRITE PROT BIT 0 

MASTER PROC SEL -[ LsB 

MASTER PROC SEL 

MASTER PROC SEL 

MASTER PROC SEL 

M E M  A M E M  A M E M  A M E M  A B SEL I B SEL I B SEL I B SEL I 
WRITE PROTECT SIRITE PROTECT W I T E  PROTECT NRiTt  PROTECT 
(NOTE I )  (NOTF I) (NCTE 2)  (NOTE 2)  ASEL 0 A SEL 0 A S t L  0 ASEL 0 

N O T E  1 UPPER HALF 
I- 

BIT 

I 
AREA PROTECTED 
(HEX ADDRESS) 1 

1 0 0 0 -  19FF 1 
1000-1BFF / 
1 0 0 0 -  IDFF 

-- . 1 

NOTE 2 LOWER HALF 
7 1 

BIT / AREA PROTECTED 

0 - 9FF 

0 - BFF 

1'1 0 - DFF 

NOTE: ALL FROCESSOR SELECT BITS WILL EITHER BE A("O1') OR B("1") 

Figure  4-9.  M e a s i l r e n ~ e n t  N o .  E- 1 4 2 ,  F D S  Status W o r d  3 ( F D S  Identifier 1 7 )  



NOTE: THESE BIT NUMElS 
ME USED IN FM 
DOCUMNTS ONLY 

NOTE 1 UPPER HALF 

1 

NOltl BITS 6-8 ARE ALL .P IN SINGLE PROCESSOR MODE 

MEM A MEM A MEM A MEM A MSELAg 

I 
RATE 1/3 VI~ERBI 1 ENABLED 1 P/B 811 SYNC i 2 I U~ITE moTtcr MITE moTKT MITE PROTECT WRITE ROTECT 

(NOTE I) (Nor€ I) (NOTE 2) (NOTE 2) (NOTE 3) NORMAL 0 NORMAL 0 N O W L  0 I 
2 

NOTE 2 LOWER HAW NOTE 3 

A 4 F i g u r e  4-10. M e a s u r e m e n t  No.  E-143,  F D S  S t a t u s  Word  4 (FDS Iden t i f i e r  8D) 

MEM A WRITE PRO1 BIT 0 

MASTER SELECT A 

MDS UI OUTPUT SEL 

DSS RATE SEL 

3 

0 - 9FF 
0 - BFF 
0 - OFF 

BIT 4 OF 
FDS SW 2 

0 
1 
0 

I 

BIT 5 OF 
FDS W 4 

0 
1 
I 
0 

DEFINITION 

SINGLE PROC MOM, PROC A 
SINGLE PROC MODE, ROC I 
DUAL PROC MODE, ROC A 
DUAL ROC MODE, ROC B 



I MEM A WRITE PROTECT 4 MSB 

MEM 0 WRlTE PROTECT 

N O T  USED 

1 
MEM A WRITE MEM B WRITE NOT USED T I M I N G  CHAIN B 1 CRS I 0 LECP I/O M A G  I /O X WCER PWR 
PROTECT O N  I PROTECT O N  1 (BIT- 0 )  T I M I N G  CHAIN A 0 

' OFF I B 

PROTECT OFF 0 PROTECT OFF 0 A SEL 0 0 N 0 A 0 A 0 

Figure 4-11. Measurement  No. E -  144,  FDS Status Word 5 (FDS Identifier 15) 

r PWR C O N V T  B ON/OFF ---m MsB 

PWR C O N V T  A ON/OFF 

CC PARITY ERROR 

MEM WRlTE PROTECT ERROR 

PWR CONVT PWR CONVT CC PARITY M E M  WRITE CC COUNTER (4) CC COUNTER (3) CC COUNTER (2) CC COUNTER ( I )  
B O N  I A O N  1 ERROR I PROTECT ERROR 1 

B OFF 0 A OFF 0 N O  ERROR 0 N O  ERROR 0 

LSB 

Figure 4-12.  Measurement  No. E -  1 4 5 ,  FDS Status Word 6 (FDS Identifier 8F) 



USED FOR AACS 
DOCUMENTATION 
ONLY 

I 
SUN SENSOR BIAS .-I 1 1 (8) 

SUN ACQUISITION (ADET) 

AP P/V ISO-VALVE 1 

I AP ROLL ISO-VALVE 1 

TCM P ISO-VALVE 1 

6 (3) 1 1 1 1 1 E ~ : E ~ ! E ~  - 
OPEN = I OPEN = I OPEN = I OPEN = l OPEN = I OPEN = 1 GROUND 

S BIAS NOT I N  = I ACQUIRED - I 
(SUN POINT) NOT ACQUIRED - 0 CLOSED - 0 CLOSED = 0 CLOSED = 0 CLOSED = 0 CLOSED = 0 CLOSED = 0 

PROfESSING 

5 BIAS I N  = 0 
BIT NUMBER 

MSB 

L SB 

P Figure 4-  13. Measurement No. E-200 AACS Status W o r d  1 
I 
0\ 
41 USED FOR M C S  

DOCUMENTATION 
ONLY- 

STAR TRACKER M B  

STAR SEARCH 

STAR ACQUIRED 

GYRO FAULT TEST 

AP VALVES POWER SHARE 

FDS USAGE 

mslc SWAP REQUESTED 

WHKH HYBlC IS PRIME 

1 INHIBITED = I 2 ENABLED = I ACQUIRED 3 = I 4 ENABLED = I 5 YES= I 2 FDS B = I YES = I m K 2 = 1  GROUND - LSB 
ENAMED = 0 INHIBITED = 0 NOT ACQUIRED = 0 INHIBITED = 0 N O  = 0 FDS A = 0 N O  = 0 WBIC I = 0 PROCESSING 

BIT NUMBER 

Figure 4-  14. Measurement No. E-201 AACS Status Word 2 



USED FOR AACS 
DOCUMENTATION 
ONLY 

I ROLL GYRO AXIS USED .-IT/ MSB 

N O  1 
YES 0 

SCAN SLEWING I N  PROGRESS- 2 (7) 

CANOPUS STAR TRACKER 2 PWR- 3 (6) 

CANOPUS STAR TRACKER I PWR - 4 (5) 

HYBlC 2J PWR 5 (4) 

HYBlC I J  PWR 6 (3) 

PROC/MEM FAILED 

SUN SEARCH-, 

' 

7 (2) 

8 (1) LSB 

2 3 4 5 - 
YES 1 O N  1 O N  1 O N  1 O N  1 YES 1 ENABLED 1 GROUND 
N O  0 OFF 0 OFF 0 OFF 0 OFF 0 N O  0 INHIBITED 0 PROCESSING 

BIT NUMBER 

$+Figure 4-15. Measurement No. E-202 ,  AACS Status Word 3 

USED FOR AACS 
DOCUMENTATION 
ONLY 

INTERNAL ERROR 
INDICATOR 

MSB 

COMMANDED TURN 
I N  PROGRESS 

DEAD BAND INDICATOR 

TCM PULSE MODE IND 

TCAPU FAULT TEST 

IDET ACQUIRED (SUNGATE) 

GYRO CAPTURE RATE 

P.Y.R GYROS AXES USED 

1 N O  I 2 YES I 3 0 4 O  i 4 PULSED OFF 1 5 ENABLED - I LEL ACQUIRED - 1 HIGH 1 YES I 
GROUND - L SB 

YES 0 N O  0 0 4 O  0 PULSED O N  0 INHIBITED 0 N O T  ACQUIRED 0 LOW - 0 N O  0 BIT N W I E R  
PROCESSING 

* Figure 4-16.  Measurement No. E-203,  AACS Status Word 4 



Figure  4 -  17. Measurement  No. E-204 AACS Status Word 5 (Mode Status)  

USED FOR AACS 
DOCUMENTATION 
ONLY- 

USED FOR AACS 

1 

DOCUMENTATION 
ONLY 

I FAILED GYRO ID (MSB) ,-m 
I I FAILED GYRO ID (LSB) 

FCP I/MEM I = 1 TCM = I A A I  = I  R I = l  C M = I  P/PBM = I BM = 1 L M =  I GROUND 
FCP 2/MEM 2 = 0 NOT TCM = 0 NOT AAI = 0 N O T  RI = 0 N O T  C M = O  NOT P/PBM = 0 NOT BM = 0 N O T  L M  = 0 PROCESSING BIT NUMBER 

WHKH PROC/MEM IN USE MSB 

C GYRO WARMUP INDICATOR dzl 
I B GYRO WARMUP INDICATOR 

2 

PITCH AXlS GYRO USAGE 

1 6 2 3 4 5 - 
SEE TABLE 1 SEE TABLE I WARM = I WARM = I WARM = 1 GYRO C = 1 GYRO C = 1 GYRO B = 1 GROUND 

N O T  WARM = 0 N O T  WARM = 0 N O T  WARM = 0 GYRO B = 0 G Y R O A = O  GYRO A = 0 PROCESSING 
BIT NUMBER 

TRAJ. CORRECTION MODE (TCM) 

o B Figure  4-18. Measurement  No. E-205 AACS Status Word 6 (Gyro Status)  

3 

TABLE 1 

BIT l 

ALL AXlS INERTIAL MODE AAI  

4 

2 FAILED GYRO 

ROLL INERTIAL MODE (RI) 

5 

CELESTIAL MODE (CM) 

PM PRE/POST BURN MODE (P/PBM) 

PM BURN MODE (EM) 

LAUNCH MODE (LM) 1 L SB - 



NOTE 1 

PYRO AMPS IND AT POR - 00 

PYRO AMPS IN0 B 1 MSB 

FOR SPACECRAFT EVENTS WHICH USE 

2 

TWO BRIDGEWIRES PER SQUIB, ONLY 
ONE OF THESE BITS MAY INDICATE A 
BIT STATE CHANGE EVEN THOUGH 

INDICATORS (E-246 8. E - Z ~ ~ ) S H O W  
BANKS DISCHARGED. 

PYRO AMPS 
4 

PYRO AMPS STANDBY I N V  1 FDS ID (MSB) 1 FDS ID (LSB) 1 N O T  USED NOT USED NOT USED 
I N D  B 1 I N D A  

0 I M A I N  I N V  0 (NOTE 2 )  0 (NOTE 2) 0 (BIT - O) (BIT = 0) (BIT = 0) 
(NOTE 1 0 (NOTE 11 0 

PYRO AMPS I N D  A 

NOTE 2: FDS ID 

3 

BREADBOARD 

A N D  PTM 

FLT 1 

FLT 2 

NOT USED 

AFigurc  4-19. Measuren lcn t  No. E-245, F D S / P W R / P Y R O  Status ( P y r o  An1,3s Ind)  ( F D S  I d e n t ~ i i e r  OC)) 

2.4 kHz I N V  STATUS 

4 

S/C ID (MS9 
S/C ID (LSB) s r m  i::i:!! 

6 

7 

8 LSB 



% Figure 4-20. Measurement No .  E-  3 3 1 ,  Devices/ Cabling Status (FDS Identifier 02) 

S/C-LV SEP IND 

rP 
I 
4 
F 

1 
S/C-LV SEP IND, PM-MM SEP IND, MAG BOOM MAG BOOM SCI BOOM DEPLOY NOT USED RTG BOOM DEPLOY NOT USED 
SEPARATED I SEPARATED 1 DEPLOY STATUS RELEASE STATUS STATUS (BIT - I )  STATUS (BIT I )  

N~~ SEP~RATED 0 NOT SEPARATED 0 NOT DEPLOYED = 1 REEASED = 1 
I DEPLOYED = 1 

DEPLOYED = 0 NOT RELEASED = 0 NOT DEPLOYED = 0 NOT DEPLOYED = 0 

2 3 



- 

TAPE DIRECTION SLEW P L A Y B A C ~  SLEW/PLAYBACK SLEW/PLAYBACK DSS MODE 
FvVD I RATE RATE RATE DSS 

1 
DSS MODE 

DSS 
DSS MODE 

DSS 

- TAPE DIRECTION 

TAPE DIRECTION [NO't I 1  (NOTE li (NOTE 1) (NOTE 2)  (NOTE 2 )  (NOTE 2 )  
REV 0 

2 

NOTE I 

I ,"T4 I ~ L E W P L A Y B A C K  RATE 

SLEW/PLAYBACI PATE BIT I 

N O T  USED 
(BIT ' i 

3 

0 0 0 

1 0 0 

0 1 0  

1 1 0  

0 0 1 

I o I 
0 1  1 

I I 1 

N O  C H A N G E  

33.6 KBPS 

7.2KBPS 

115.2KBPS 

N O C H A N G E  

57.6 KBPS 

N O  C H A N G E  

21.6 KBPS 

N O  C H A N G E  

PLAYBACK 

SLEW 

RECORD FDS 115.2 KBPS 

RECORD FDS 7 . 2  KBPS 

N O  C H A N G E  

N O  C H A N G E  

READY 

SLEW/PLAYBACh l iTE BIT 2 

FiOTE 2 

, Figure 4-21. M e a s u r e m e n t  N o .  E -  3 4 2 ,  Mode Status ( F D S  Identifier 88) 

4 

DSS MODE 811 I 

DSS MODE BIT 2 

DSS MODE BIT 3 

5 

NOTE: ALL BITS ARE "Our OR " l " r  
WHEN DSS IS OFF 3:T DSS M O D E  



t DATA LOOP --m MSB 

DATA U 
Ilt. 

2 -- 
mP M F U  

1 #T I 

(NOTE I )  (NOTE I )  (NOTE 1) (NOTE 2) (NOTE 2) (NOTE 2) 

L 
-". . -" -- .-- -. . 

NOTE I 

3 

BUFFER LEKL 
2: 4 I 

LEML ' BLFFER LEEL WFFER LEVEL TRACK TRACK TRACK NOT USED 
BIT 2 BTT 3 sn I BIT 2 BIT 3 (BIT = 1) 

WFFER LEVEL BIT 2 

BIT 
5 6 7  

4 

0 0 0  

I 0 0 

0 1 0 

1 1 0  

0 0 1  

I 0 1 

0 1 1  

I 1 1 

TRACK B 

TRACK 1 

TRACK 2 

TRACK 3 

TRACK 4 

TRACK 5 

TRACK 6 

TRACK 7 

TRACK BIT I 

TRACK BIT 2 

TRACK BIT 3 

NOT USED 

5 

EMPTY 

EMPTY TO 1/6 

1/6 TO 1/3 
1/3TO1/2 

1 / 2 T O Y 3  

2/3 TO 5/6 

5/6TOFULL 

SPILLED 

+ Figure 4-22. Measurement No. .  E-343, Playback Status (FDS Identifier 89) 



S c i e n c e  M u l t i p l e x e r s  

S e v e r a l  s c i e n c e  i n s t r u m e n t s  r e q u i r e  add i t i ona l  m e a s u r e m e n t s  o t h e r  
t han  t h o s e  m a d e  d i r e c t l y  by the  F D S .  T h e s e  m e a s u r e m e n t s  a r e  
r o u t e d  t o  a n a l o g  m u l t i p l e x e r s  l oca t ed  i n  t he  i n s t r u m e n t s  and 
c o n t r o l l e d  b y  t h e  F D S .  E a c h  m u l t i p l e x e r  ou tput  i s  a s s i g n e d  t o  o n e  
pos i t i on  of t he  e n g i n e e r i n g  t r e e .  I n s t r u m e n t s  u t i l i z ing  t h i s  t e c h -  
nique a r e  CRS,  P R A ,  LECP,  P L S ,  MAG,  and  ISS.  M u l t i p l e x e r  
t i m i n g  f o r  s e t  and  r e s e t  is d e t a i l e d  i n  T a b l e  4-9 .  

P R A  M U X .  P R A  MUX is n o r m a l l y  s a m p l e d  i n  pos i t i on  210.  
B e c a u s e  of t h e  s t epp ing  f r o m  the  F D S ,  on ly  w o r d s  1  and 3 will  be  
s a m p l e d .  I t  is r e q u i r e d  t h a t  o n c e  e v e r y  7 d a y s  t he  P R A  MUX he 
changed  t o  t he  100 d e c k ,  b y  g round  c o m m a n d ,  and  s a m p l e d  f o r  a 
m i n i m u m  of 10  c o n s e c u t i v e  s a m p l e s  f o r  a l l  4 m u l t i p l e x e r  m e a s u r e  - 
m e n t s .  A t  t h i s  t i m e  s a m p l i n g  o r d e r  w i l l  be  pos i t i ons  1 ,  2 ,  3 ,  4 ,  
1 ,  2  . . . . . T a b l e  4 - 1 0  s h o w s  m e a s u r e m e n t s  a n d  s a m p l i n g  o r d e r .  

M A G  M U X .  M A G  MUX is n o r m a l l y  s a m p l e d  i n  pos i t i on  334 o r  
202 depending  upon the  f o r m a t  s e l e c t e d .  B e c a u s e  of F D S  s t epp ing ,  
o n l y  w o r d s  0 ,  2 ,  4  and 6  w i l l  be  s a m p l e d  d u r i n g  n o r m a l  o p e r a t i o n s  
I t  is r e q u i r e d  t h a t  o n c e  e v e r y  7 d a y s  t he  M A G  MUX b e  changed  to  
t he  100 d e c k ,  b y  g round  c o m m a n d ,  and e a c h  m u l t i p l e x e r  pos i t ion  
be  s a m p l e d  f o r  a m i n i m u m  of 10  c o n s e c u t i v e  s a m p l e s .  At  t h i s  
t i m e  s a m p l i n g  o r d e r  w i l l b e  0,  1 ,  2 . . . . . 7 .  T a b l e s  4 -11  and  4 - 1 2  
s h o w  m e a s u r e m e n t s  a n d  s a m p l i n g  o r d e r .  

L E C P  C A L  MUX a n d  L E C P  ENGR MUX. T h e  L E C P  h a s  two  
ana log  m u l t i p l e x e r s :  1 )  a 120  c h a n n e l  c a l i b r a t e  m u l t i p l e x e r  
( C A L  MUX) , and 2)  a 23 pos i t i on  e n g i n e e r i n g  m u l t i p l e x e r  (ENGR 
M U X ) .  Bo th  m u l t i p l e x e r s  a r e  s t e p p e d  e v e r y  12 s a t  40  b p s .  
N o r m a l l y  on ly  t he  e n g i n e e r i n g  m u l t i p l e x e r  i s  inc luded  i n  t he  f o r m a t  
i n  pos i t i on  21 7 .  T h i s  r e s u l t s  i n  t h e  r eadou t  o r d e r  a s  shown i n  
T a b l e s  4 - 1 3 ,  4 -14 ,  a n d  4-15.  

A p p r o x i m a t e l y  o n c e  p e r  week  t h e  c a l i b r a t e  m u l t i p l e x e r  output  
( C A L  M U X )  is a s s i g n e d  a  pos i t i on  i n  the 100 d e c k  f o r  t h e  p u r p o s e  
of p e r f o r m i n g  a n  L E C P  i n t e r n a l  c a l i b r a t i o n  s e q u e n c e .  T h i s  
120 m e a s u r e m e n t  s e q u e n c e  c o n s i s t s  of 52 p a i r s  of d i s c r i m i n a t o r  
l e v e l  m e a s u r e m e n t s  a n d  16  undef ined  m e a s u r e m e n t s .  A l l  120  mea - 
s u r e m e n t s  are  r e a d  ou t  in two  m a j o r  f r a m e s .  T o  p e r m i t  p r o p e r  
t i m i n g  C A L  MUX m u s t  b e  s a m p l e d  on pos i t i on  152  o r  h i g h e r .  

P L S  MUX. P L S  MUX i s  n o r m a l l y  s a m p l e d  i n  pos i t i on  219 f o r  t h e  
C E - 4 0  and E C - 4 0  f o r m a t s .  T h i s  m e a s u r e m e n t  i s  not  inc luded  i n  
t h e  LN-40,  LN-12 ,  LN-72 ,  MN-40, MN-12,  o r  MN-72 f o r m a t s .  

T a b l e  4 - 1 6  s h o w s  the m e a s u r e m e n t s  a n d  m u l t i p l e x e r  pos i t ion .  D u r i n g  
a n  e n g i n e e r i n g  m a j o r  f r a m e  the s a m p l i n g  s e q u e n c e  w i l l  b e  S u p p r e s  - 
s o r  Vo l t age  i n  the M ,  L, o r  E 2  m o d e  ( -100  V ) ,  Backup  S c i e n c e  D a t a ,  
DC Vol t age ,  Vo l t age  R e f e r e n c e ,  Backup  S c i e n c e  D a t a ,  S u p p r e s s o r  
V o l t a g e  i n  the E l  m o d e  ( - 6  V )  a n d  r e p e a t s .  



T a b l e  4-9.  Mul t ip l exe r  T i m i n g  

P R A  MUX R e s e t  

T e l e m e t r y  GS-2 ,  GS-3,  GS-4, O C - 1  

I n s t r u m e n t  A11 Imag ing ,  P B - 1 ,  P B - 2 ,  P B - 3  
MUX Signal  

O c c u r s  a t  t  = 80 m s  and e v e r y  
48 s e c o n d s  t h e r e a f t e r  

P R A  MUX S tep  
O c c u r s  a t  t  = 20 m s  and e v e r y  
12 s e c o n d s  t h e r e a f t e r  

0 

MAG MUX R e s e t  

MAG MUX S tep  

O c c u r s  a t  t  = 80 m s  and e v e r y  
96 s e c o n d s  t h e r e a f t e r  

O c c u r s  a t  t  = 20 m s  and e v e r y  0 
12 s e c o n d s  t h e r e a f t e r  

P L S  MUX R e s e t  

P L S  MUX S t e p  

O c c u r s  a t  t  = 80 m s  and e v e r y  
12 m i n u t e s  t h e r e a f t e r  

O c c u r s  a t  t  = 20 m s  and  e v e r y  @ 
12 s e c o n d s  t h e r e a f t e r  

C R S  MUX R e s e t  

C R S  MUX S t e p  

O c c u r s  a t  t  = 80 m s  and e v e r y  
48 m i n u t e s  t h e r e a f t e r  

O c c u r s  a t  t = 20 m s  and e v e r y  @ 
12 s e c o n d s  t h e r e a f t e r  

LECP MUX R e s e t  

LECF' MUX S tep  

O c c u r s  a t  t  = 80 m s  and e v e r y  
48 m i n u t e s  t h e r e a f t e r  

O c c u r s  a t  t  = 20 m s  and e v e r y  0 
12 s e c o n d s  t h e r e a f t e r  

ISS N.A MUX R e s e t  

--- 

ISS N.A MUX S tep  

O c c u r s  d u r i n g  t h e  P r e p a r e  c y c l e  
a t  t  = 29. 4 s e c o n d s  I 
O c c u r s  a t  t  = 597. 5 m s  and 
e v e r y  9 . 6  s e c o n d s  t h e r e a f t e r  

0 

ISS WA MUX R e s e t  

ISS W A  MUX S t e p  

O c c u r s  d u r i n g  the  P r e p a r e  c y c l e  
a t  t  = 29. 4 s e c o n d s  I 
O c c u r s  a t  t  = 597. 5 m s  and  
e v e r y  9 . 6  s e c o n d s  t h e r e a f t e r  

- 

t  = 0 is the  beginning  of a  96-second i n t e r v a l  when  LC = 1 and 
MOD 60  i s  even .  

@ t  = 0 i s  t h e  beginning  of a 48-second i n t e r v a l  when  LC = 1. When 
MOD 60  i s  e v e n ,  t h e  ISS-NA is in  the  P r e p a r e  c y c l e  and  the  ISS-WA 
i s  i n  the  Read-Out  c y c l e ;  when  MOD 6 0  i s  odd,  t h e  ISS-NA i s  i n  the  
R e a d - O u t  c y c l e  and the  ISS-WA i s  t he  P r e p a r e  cyc le .  

4 - 7 5  



Table 4-10. PRA Multiplexer Sequence (40 bps) 
- - 

MUX 
Pos.  

0 

1 

2 

3 

4 

5 

6 

7 

% Table 4- 11. 

MUX a t  Deck 
Position 210 

Engineering 
Number 

MUX 
Pos. 

1 

2 

3 

4 

MAG Multiplexer Sequence 

Measurement 

MAG Instrument Serial  Number 

t12  Vdc Voltage 

MAG Inboard Electronics Temperature 

- 12 Vdc Voltage 

MAG Outboard Electronics Temperature 

A ADC Reference Voltage 

Power Converter Temperature 

B ADC Reference Voltage 

MOD 601LC 

0+5N/001 

- 

2+5N/401 

- 

N = 0 , 1 , 2  ,..., 11 

MUX Anywhere 
On loo Deck , 

Engineering 
Number 

E-412 

E-413 

E-414 

E-415 

MUX 

1 

2 

3 

4 

Measurement 

PRA Receiver 
Coarse  
Frequency 

PRA Power 
Supply 1 
Voltage 

PRA Power 
Supply Current  

PRA Power 
Supply 2 
Voltage 

MOD 601LC 

A111001 

All/ 20 1 

A111401 

A111601 



MJS77-  3-280 B 

Table  4-12. MAG MUX Pos i t ion  (40 bps) 

I 

Readout  
O r d e r  

1 

2 

3 

MUX a t  any  MUX a t  Deck 
100  

MUX 
P o s .  

o 

1 

2 

4 

5 

6 

7 

8 

-- 

MUX 
P o s .  

2 

4 

6 

Deck Pos i t ion  

MOD 6 0 1 ~ ~  

011 i 

01201 

0 140 1 

3 

4 

5 

6 

7 

0 

1 

6 

7 

MUX a t  Deck 
Pos i t ion  202 

MOD 6 0 / L C  

01401 

311 

51401 

0 

2 

4 

6 

0 

2 

4 

6 

0 

01601 

111 

1 I201  

11401 

11601 

2 11 

21201 

591401 

591601 

MUrX 
Po!;. 

4 

2 

0 

811  

1 0 / 4 0 1  

1311 

151401 

1 8  / 1 

201401 

2311 

551401 

5811 

Pos i t ion  334 

MOD 6 0 / L C  

111  

81401 

1 6 1  1 

6 

4 

2 

0 

6 

231401 

31 11  

381401 

461  1 

531401 
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Aq: Table 4 -  13. L E C P  Engineer ing Mult ip lexer  Measu remen t s  

Measu remen t  

-6 V L E P T  

-6 V 

S p a r e  

Spa re  

- 12 V Data Sys tem 

Motor T e m p e r a t u r e  

-Stepper  Base  Power  

Log. Amp. T e m p e r a t u r e  

t 8  V Data Sys t em 

Spa re  

tS tepper  Base  Power  

t 6  V Data Sys t em 

Bias Monitor 1 

t 1 2  V L E P T  

Bias  Monitor 2 

t 1 2  V Data Sys t em 

t 5  V 

t 6  V 

t 3 0  V 

t 8  V 

t 6  V L E P T  

t 1 2  V 

Spa re  

MUX 
Posi t ion 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14  

15 

16 

17 

18 

19 

20 

2 1 

22 

23 

Engineer ing 
Number  

E-454  

E-455 

E-456 

E-457 

E-458 

E-459 

E-460 

E-461 

E-462 

E-463 

E-464  

E-465 

E-466 

E-467 

E-468 

E-469 

E-470 

E-471 

E-472 

E-473  

E-474  

E-475 

E-476 



M J S 7 7 -  3 - 2 8 0  B 

Table 4- 14. L E C P  E n g i n e e r i n g  M u l t i p l e x e r  S e q u e n c e  

- 

M U X  S a m p l e d  a t  P o s i t i o n  1 5 2  M U X  a t  D e c k  P o s i t i o n  217  

M O D  6 0 / L C  

6 N / 0 0 1  

6 ~ 1 2 0 1  

6N / 4 0  1  

6N1601  

1 +6N/OO1 

1 + 6 N / 2 0 1  

1  t 6 N 1 4 0 1  

l t 6 N 1 6 0 1  

2 + 6 N / 0 0 1  

2 t 6 N 1 2 0 1  

2 + 6 N / 4 0 1  

2 + 6 N / 6 0 1  

3 t 6 N  100  1  

3 t 6 N  / 2 0  1  

3 + 6 N / 4 0 1  

3 + 6 N / 6 0 1  

4 + 6 N / 0 0 1  

4 t 6 N 1 2 0 1  

4 + 6 N / 4 0 1  

4 + 6 N / 6 0 1  

5 + 6 N / 0 0 1  

5t6N1.201 

5 + 6 N / 4 0 1  

5 t 6 N  I 6 0  1  

L E C P  
M U X  P o s .  

1 

2  

3  

4  

5  

6  

7  

8  

9  

1 0  

11  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 6  

1 9  

2 0  

2  1  

2 2  

2 3  

1  

M O D  6 0 1 L C  

1 1 6 0 1  

. 4 1 2 0 1  

6 / 6 0 1  

9 1 2 0 1  

1 1 1 6 0 1  

1 4 1 2 0 1  

1 6 1 6 0 1  

1 9 1 2 0 1  

21 I 6 0 1  

241201  

261601  

291201  

31 1 6 0 1  

341201  

361601  

391201  

41 I 6 0 1  

4 4 1 2 0 1  

4 6 1 6 0 1  

4 9 / 2 0 1  

51 I 6 0 1  

541201  

5 6 / 6 0 1  

591201  

r e s e t  at 

L E C P  
M U X  P o s .  

8  

1 8  

5  

1 5  

2  

1 2  

2 2  

9  

1 9  

6  

1 6  

3  

1 3  

2 3  

1 0  

20 

7  

1 7  

4  

1 4  

1 

1 1  

2  1  

8  

L E C P  E n g  N = 0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 .  

o r  H i g h e r  

E n g  
M F  

1  

2  

3  

4  

5  

6  

7  

8  

9  

1 0  

1 1  

12 

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

2  1  

22 

2 3  

24  

MOD 6 0 = O ,  L C = 0 0 1 .  

E n g  
M F  

8  

1 8  

2 8  

3 8  

4 8  

5 8  

8  

1 8  

2 8  

3 8  

4 8  

5 8  

8  

1 8  

2 8  

3 8  

4 8  

5 8  

8  

1 8  

2 8  

3 8  

4 8  

5 8  

M U X  



A''.   able 4- 15. L E C P  C a l i b r a t i o n  M u l t i p l e x e r  Sequence  
( F o r  40 b p s  On ly )  ( s h e e t  1 of 5 )  

- - 
'J'TS X 4 r a s -  
I l r c n l , . n t  

C A L  MU>: 
f 'osi t ion 

E-47710 

E -478 / 1 

1 ,; - .'I .7 / ?. 
i.:. 4G0 / 3  

E:-48114 

1:.482/!; 

1,:- 118: / i t  

1,;. .IS.; 17 

E-465 / 8  

1:-486 / 9  

1:-467/10 

- 4 8 1 1  

13-469/12 

E-490113 

E-491114 

E-492115 

E-493116 

K-494117 

E-495 / I  8 

F:-.t96/19 

k:-497120 

8 

- I r ) / .  

1,:-500/23 

1':-!;01 1 2 1  

1':-502/L5 

1,:-503/26 

I:-'304/~!7 

1 J i : , ( - r i !11 - 
in: t tor  

I u L i :  

E 2  

1,: 2 

I ; \  

F: 5 

1,: 4 

1,: 4 

I .:!> ;\ 

F:5A 

p - 0  

p - 0  

pl - 0 

a1 - 0 

E4A 

E4A 

p - 1 

(3 - 1 

E 5 B  

E 5 B  

J2n 

KO 

171 S Y N C  

IC1 S Y N C  

01 - 1 

a1 - 1 

EOA 

1,:OA 

~ c l  

A C 1  

'1 1 1 1  
L c v c l  (7 ; )  

12  

88 

I ?. 

1 
1 , 

Output 

2. 32 i n V  

i . i .  1 .1 I I I V  

> 
L 

I i i  
A O ~ O I  : I ~ I ~ C  

100: 1 

I 1 ti!! 

t 
100: 1 

1O:l 

1 
1 0 : l  

12  

t; 8 

3 
k ' ~ ~ n c t i c ) ~ ~  

P < , t 1 1 1 < 3  

EZ L O  

!.:Z II! 

I : ,  J-,( 

1. 22 rrtV 

I 
1,: 5 1-1 1 

E4 LO 

I :  1 111 

r , . ~ , ' ~  I,D 

E5A H I  

UE:O L O  

H E 0  I-I1 

A L l O  LO 

A L l O  111 

E 4 A  LO 

E 4 A  1-31 

B E 1  LO 

B E 1  H I  

F:5D I,O 

E5LI 111 

EO LO 

120 1-11 

1<1 L O  

J:l 111 

1ZL,11 L'3 

A 1 , l l  111 

I 7 0 A  1,O 

EO/i 111 

A C l  LO 

A c l  111 

MUS 
- .- 

11311g 
h4F 

1 

2 

3 

'1. 96 m V  

1.  33 IIIV 
(I(t\... d i s c )  

88 1. 91 ITIV 
(11i;:h disc)  ::I 1 2  ( lo \ \ .  1 .  1 4  c!isc) 1nV 

8 8  1. 85 m V  
(11igIl d i sc )  

1 2  7 . 3 1  m V  
[ 

88 

1 2  3. 15 m V  

8 8 

12  14 .32  m V  

8 8  

1 2  1 7 . 7 3  m V  

68 

12  *f 9 . 0  n i V  

011 1 0 0  1)ccli 

hlOD 60 /LC; 
( N L O I l )  

3ON/OO1 

3 0 N / 2 0 1  

3 0 N / 3 0 1  

4 

5 

6 

7 

8 

9 

10 

1 1  

12  

1 3  

1 4  

15 

16  

1 7  

1 8  

19 

20 

21 

22 

2 3  

24  

25 

26 

27 

28  

68 

(lo\\, disc) 

15. 40 nlLr 
(11i::Il r l i h c )  
i 

30N!601 

1 + 3 0 N / 0 0 1  

1 + 3 0 N / 2 0 1  

l t 3 0 N I 4 0 1  

1 t 3 0 N / 6 0 1  

2t301Y/0011 

2 + 3 0 N / 2 0 1  

Zt30i.J, '?ol 

2+30N/601  

3 t 3 0 N / 0 0 1  

3 1 3 O X / 2 9 1  

3+3ON/401 

34-30NI601 

41-30N/001 

4 t 3 0 ~ / 2 0 1 -  

4 t 3 3 5 / 4 0 1  

4 1 1 0 N / 6 0 1  

5 + 3 0 N / 0 0 1  

1 

12  

8 8 

1 2  

8 

1 2  

K 8 

5 1 3 0 N / % 0 1  
1 

5 I 3 0 ; ;  j !(> l 

5130NIG01  

1 
6+3ON/001 

L i -3ONJ201 

0 I < O P J /  LO1 

0 X J I ( 
4 

I .  57 in\' 

5.0 n l V  

13.0  I ~ V  



A ?IC Table 4-15. L E C P  Cal ibra t ion Mult ip lexer  Sequence 
(For  40 bps  Only) ( shee t  2 of 5 )  

C 

TTS Mcas-  
uremen t  

CAL M U X  
Posit ion 

E-  505128 

E-506129 

E-507130 

E-508131 

E-509132 

E-510133 

E-511 134 

E-512135 

E-513136 

E-514137 

E-515138 

E-516139 

E-517140 

E-518141 

E-519142 

E-520143 

E-521 I44 

E-522145 

E-523146 

E-524147 

E-525148 

E-526149 
E-  527150 

E-528151 

E- 5Z9152 

E-530153 

E-531154 

E-532155 

Di sc r im-  
inator  

Function 

ACZ 

ACZ 

u 1-4 

~ 1 - 4  

E 2B 

E 2B 

L12B 

LlZB 

Blank 

Blank 

P -4  

P -4  

EOB 

EOB 

01-3  

9 1 - 3  

Blank 

Blank 

L 54B 

L 54B 

02-0 

uZ-0 

a 2- 1 

02-1  

E OC 

E OC 

Blank 

Blank 

Threshold 
Level  ( O / o )  

12 

88 

12 

88 

12 

8 8 

12 

8 8 

12  

8 8  
12 

88 

12 

8 8 

12 

1 2  

88 
12 

88 

12 

8 8 

12 

8 8 

12 

88 

12  

88  

Nominal 
Output 

14 .9  mV 

14.9 m V  

94.6 mV 

39.2 mV 

17.9 mV 

10.1 mV 

9.8 m V  

15.42 m V  

37.0  mV 

72.7 mV 
I 

28.4  mV 

.- -- - 

3 Function 
Name 

ACZ LO 

ACZ HI 

AL14 LO 

AL14 HI 

E 2 B  LO 

E2B HI 

L l 2 B  LO 

L12B HI 

BE4  LO 

BE4  HI 

EOB LO 

EOB HI 

AL13 LO 

A L 1 3 H I  

L54B LO 

L54B HI 

ALOZ LO 

ALOZ HI 

AL21 LO 

ALZl HI 

EOA LO 

EOA HI 

ca l ib ra t ion2  
Auto range 

MUX 

Eng 
MF 

29 

30 

31 

32 

33 

34 

35 

. 36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

Y 

I 
1O:I 

on 100 Deck 

MOD 60ILC 
(N = 0.1)  

7+30N/001 

7+30N/201 

7+30N/401 

7+30N/601 

8+30N/001 

8+30N/201 

8+30N/401 

8t30N1601 

9t30Nl001 

9+30N/201- 

9+30N/40 1 

9+30N/601 

10+30N/001 

10+30N/201 

10+30N/401 

10+30N/601 

11+30N/001 

11+30Nl201 

11+30N/401 

11+30N/601 

12+30N/001 

12+30N/201 

12+30N/401 

12+30N/601 

13+30N/001 

13+30N/201 

13t30N1401 

13t30NI601 

1O:l 



Table 4- 15. L E C P  C a l i b r a t i o n  M u l t i p l e x e r  S e q u e n c e  
( F o r  4 0  b p s  O n l y )  ( s h e e t  3 of 5 )  

MUX 

Eny  
M F  

57 

58 

59 

60 

1  

2  

3  

4  

5  

6 

7  

8 

9  

10 

11 

12 

13  

14  

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Nomina l  
Output 

,98.5 m V  

41.4  m V  

157 m V  

376 r n V  

310 r n V  

304 m V  

419 r n V  

8 1  r n V  

122 r n V  

218 r n V  

888 m V  

8 4  m~ 

T h r e s h o l d  
L e v e l  ('%I 

12 

8  8  

12  

8  8  

12  

8 8  

12 

8 8 

12 

8  8  

12 

8  8  

12  

8  8 

12 

8  8  

12  

8  8  

12  

8 8  

1 2  

8  8  

12  

8 8  

on 100 Deck 

MOD 6O/LC 
(N = 0 ,  1)  

14+30N/001 

14+30N/201 

14+30N/401 

14+30N/601 

15+30N/001 

15+30N/201 

15+30N/401 

15+30N/601 

16+30N/001 

16+30N/201  

16+30N/401 

16+30N/601  

17+30N/001 

17t3ONI201 

17+30N/401 

17+30N/601 

18+30N/001 

18+30N/201 

18+30N/401 

18+30N/601 

19+30N/001 

19+30N/201 

19+30N/401 

19+30N/601 

20+30N/001 

20+30N/201 

20+30N/401 

20 t30N1601  

D i s c  r i m -  
ina to r  

Func t ion  

E3A 

E3A 

E1A 

E1A 

Blank 

Blank 

Blank 

Blank 

L l 2 C  

L12C 

L54C 

L  54C 

L23A 

L23A 

E 4 B  

E 4B 

E 5 C  

E 5 C  

EOD 

E O D  

E I B  

E  1B 

E 3 C  

E 3 C  

L54D 

L  54D 

~ 2 3 ~  

LZ3B 

r 

c a l i b r a t i o n Z  
Auto range  

1O:l 

f 
1O:l 

1 : l  

f 
1:1 

TTS M e a s -  
u r e m e n t  

CAL M U X  
P o s i t i o n  

E-533156 

E-534157 

E-535158 

E-536159 

E-537160 

E-538161 

E- 5 3 9 / 6 2  

E- 5.10163 

E-541164 

E-542165 

E-543 /66  

E-544167 

E-545 /68  

E-546169 

E-547170 

E-548171 

E-549172 

E-550173 

E-551174 

E-552175 

E- 553/76 

E- 554177 

E-555178  

E-556179  

E- 557180 

E-  558181 

E- s s91az  

E -  560183 

3  F'unctlon 
N a m e  

E 3 A  LO 

E3A HI 

E I A  LO 

E l A  HI 

L l 2 C  LO 

L l 2 C  HI 

L54C LO 

L 5 4 C  HI 

L23A L O  

L23A HI 

E 4 B  L O  

E I B  HI 

E 5 C  L O  

E 5 C  HI 

E O D  LO 

E O D  HI 

E 1 B  LO 

E 1 B  HI 

E 3 C  LO 

E 3 C  HI 

L54D L O  

L54D HI 

L23B LO 

L 2 3 B  HI 
i 



hak Table  4-15. L E C P  Ca l ib ra t ion  Mul t ip lexe r  Sequence  
(For 40 bps  Only) ( s h e e t  4 of 5)  

T'L's' Meas-  
urement D i s c  r im-  

C A L  M U X  i n a t o r  
P o s i t i o n  F u n c t i o n  



A )ei Table 4 -  15. L E C P  Calibcat ion Mul t ip lexe r  Sequence 
( F o r  4 0  b p s  Only)  ( s h e e t  5 of 5)  

-- 

TTS M e a s -  
u r e m e n t  D i s c r i m -  

CAL MUX i n a t o r  T h r e s h o l d  Nomina l  1  

Pos i t l on  Func t lon  Leve l  ('5) O u f l ~ ~ t  

MUX o n  100 Deck 

Notes :  

1. T h i s  i s  the  nomina l  output of t he  i n s t r u m e n t  in  v o l t s .  T h e  v o l t a g e s  a r e  d ig i t i zed  t o  8 bits 
by the  FDS. E n g i n e e r i n g  d a t a  should  r e f l ec t  t h e s e  a f t e r  E U  c o n v e r s i o n .  

2 .  C a l i b r a t e  a u t o r a n g e  i n d i c a t e s  the  m u l t i p l i e r  used  t o  b r i n g  the  i n s t r u m e n t  outputs  l i s t e d  
u n d e r  nomina l  output up to a  l eve l  a l lowing 8 -b i t  d ig i t a t ion .  T h e  d i s c r i m i n a t o r  funct ion  
vo l t ages  m a r k e d  100: l  a r e  mul t ip l i ed  by 100, the  10: 1 a r e  mul t ip l i ed  by 10  and the  
1: 1 a r e  d i r e c t  l e v e l s .  

3 .  Channel  t i t l e s  a r e  f o r m e d  by preced ing  the  l i s t ed  n a m e  wi th  "LECP" 



* Table 4-16. P L S  Engineering Multiplexer Sequence 

4 .  3 .  2 .  5 CRS MUX. CRS MUX i s  sampled in position 201 fo r  the CE-40 and 
EC-40 fo rma t s  only. No data i s  sampled during the LN-40, LN-12, 
LN-72, MN-40, MN-12, o r  MN-72 fo rma t s .  Tables 4-17 and 4-18 
show the CRS MUX m e a s u r e m e n t s  and the i r  sampling o rde r .  

& 4 . 3 . 2 . 6  ISS MUX. The ISS WA and NA c a m e r a s  each contain a t en  posit ion 
analog mult iplexer .  The measu remen t s  contained in  and posit ion o n  
the  mult iplexer  ( the s a m e  for  both WA and NA c a m e r a s )  a r e  shown 
in Table 4- 19. These m e a s u r e m e n t s  a r e  inser ted  in  the  subcom 
field of a l l  encounter genera l  sc ience data f o r m a t s  a s  shown in 
Table 6-2 of th is  document.  In addition, these  m e a s u r e m e n t s  a r e  
included in the ISS S ta tus /Engr  f ield of a l l  imaging f o r m a t s  a s  
shown in Table 7- 1 of th i s  document. As  a resu l t ,  t he se  mult i -  
p lexer  outputs a r e  not included in the EC-40 engineering fo rma t .  
However, these  measu remen t s  a r e  included in the CE- 40 engineer-  
ing fo rma t .  The FDS r e s e t s  the  mul t ip lexers  sufficiently often s o  

I 
a s  to always moni tor  the input c u r r e n t s  (posit ion 1) of both c a m e r a s .  I 

Measurement  

P L S  Suppressor  Voltage 
(M, L, o r  E2  Mode, 
-100 V)  

P L S  Backup Science Data 

P L S  DC Voltage 

P L S  Voltage Reference  

P L S  Backup Science Data 

P L S  Suppressor  Voltage 
( E l  Mode, -6V) 

Qk 4 . 3 . 3  MDS Signal- to- noise Ratio (SNR) Measurement  

N = 0 , 1 , 2 , 3  '8Eng Deck Posi t ion 2 19 I 
Engineering 

Number 

E-626 

E-624 

E-627 

E-625 

E-624 

E-626 

The MDS will shift a 20-bit s e r i a l  word,  MSB f i r s t ,  t o  the FDS 
eve ry  62 .5  m s  which i s  re la ted  to  the STB/No a t  the input to  the 
command detector  unit (CDU). The FDS shal l  t r ans fe r  the 16 LSBs 

I 

MUX 
Pos.  ':: 

3 

1 

4 

2 

1 

3 

O r d e r  

1 

2 

3 

4 

5 

6 

MOD 601 LC 

2+15N/201 

4+15N/601 

7t15N1201 

9+15N/601 

12+15N/201 

14+15N/601 



% Table  4-17. CRS Enginee r ing  h lu l t ip leser  Data 

E n g i n e e r i n g  
Number  P o s i t i o n  

hlUX I 
t 10 V P o w e r  Supply l 'oltage 

Unused 

$6 V Poiver  Supplj- Voltage 

t 3  V P o w e r  Supply Voltage 

-3  V P c n ~ e r  Supply '\'c)ltage 

- 6  V Po\vei- Supp!y Voltage 

- 12 V Po\ \ ,c r  Supply Voltage 

Unused 

Unused 

LET A T e m p e r a t u r c  

LET I3 T e m p e r a t r i r c  

LET (7 T e m p e r a t u r e  

L E T  D T e m p c ~ . a t u r e  

E-IET A T e n l p e r a t u r e  

HET B T e m p e r a t u r e  

TET T e r n p e r a t ~ t r e  

P o w e r  C o n v e r t e r  T e m p e r a t u r e  

B a s e p l a t e  T e m p e r a t u r e  

PHA E l e c t r o n i c s  Tempera tu i . e  

Supp /Rep l  H e a t e r  T e m p e r a t u r e  A 

Supp/Rep! Nea te r  T e m p e r a t u r e  13 

Unused 

Unused 

24 I Unused 
! 



M J S 7 7 - 3 - 2 8 0  B 

T a b l e  4- 18. CRS M u l t i p l e x e r  S e q u e n c e  (40 b p s )  

M U X  a t  

C R S  MUX 
P o s i t i o n  

1 

6 

1 1  

16 

2 1 

2 

7 

12  

1 7  

22 

3 

8 

1 3  

18  

23  

4 

9 

14  

19 

24 

5 

10 

1 5  

20 

' : ' ~ h e s e  
m~i l l  b e  t h e  f i r s t  p a s s  of t h e  48  m C R S  MUX m a j o r  f r a m e .  

::':TO a l l  v a l u e s  of M O D  60 Coun t  in  100 d e c k  c o l u m n  add  t 1 2  N w h e r e  
N = 0 ,  1 ,  2 ,  3 , 4 .  

MUX 

C R S  MUX 
P o s i t i o n  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12  

1 3  

14 

1 5  

1 6  

17  

18  

19  

20 

2 1 

22 

23  

24 

f o r  N = 0 i n  

D e c k  

E n g  
M F  

2 

12 

22 

32 

42  

5 2 

2 

12 

22 

32 

42 

5 2 

2 

12 

22  

32 

42  

5 2 

2 

12 

22 

3 2 

42  

5 2 

v a l u e s  f o r  

A n y u ~ h e r e  

E n g  
MF:;: 

1 ,  2  

3 ,  4  

5 ,  6  

7 ,  8 

9 ,  10  

11 ,  12 

13 ,  14  

1 5 ,  16  

17 ,  1 8  

19 ,  20 

21 ,  22 

23 ,  24 

25,  26 

27 ,  28 

29, 30 

31,  32 

33,  34 

35,  36 

37,  38  

39,  40 

41 ,  42 

43 ,  44 

45 ,  46 

47 ,  48  

MOD 60 

P o s i t i o n  201 

MOD 6 0 / L C  

01201 

21601 

51201 

71601 

1 0 / 2 0 1  

121601 

151201 

171601 

201201 

221601 

251201 

271601 

301201 

321601 

351201 

371601 

401201 

4 2 / 6 0 ]  

451201 

471601 

501201 

521601 

551201 

571601 

E n g  M F  a p p l y  

on  100 D e c k  

MOD 6 0 1 ~ ~ : : : :  

0 / 0 0 1 , 2 0 1  

01401,  601 

1 1 0 0 1 , 2 0 1  

11401,  601  

2 / 0 0 1 , 2 0 1  

21401,  601 

31001,  201 

31401,  601 

41001,  201 

4 / 4 0 1 / 6 0 1  

51001,  201 

51401,  601  

6/001,, 201 

61401,  601 

71001,  201 

7 / 4 0 1 ,  601 

81001,  201 

81401,  601 

91001,  201 

91401,  601 

1 0 / 0 0 1 , 2 0 1  

101401,  601 

1 1 / 0 0 1 , 2 0 1  

111401,  601  

C o u n t .  T h i s  



Table  4 -  19. ISS Eng inee r ing  Mul t ip lexer  Sequence  

of the 20-bit  SNR. word into a  s t o r a g e  r e g i s t e r  upon r e c e i p t  of a n  
a l e r t  pulse supplied by the  MDS. The contents  of th is  s t o r a g e  
r e g i s t e r  a r e  i n s e r t e d  into the t e l e m e t r y  s t r e a m  with the  next two 
s a m p l e s  of the  SNR m e a s u r e m e n t .  The  s t o r a g e  r e g i s t e r  s h a l l  be  
r e s e t  to z e r o  upon being r e a d  out .  

MUX 
P o s .  

1 

2 

3  

4  

5  

6  

7  

8 

9  

10  

MDS O s c i l l a t o r  Moni to r  

The MDS wil l  provide  the  F D S  a  1 6 3 8 . 4  Hz squarewave  s igna l  which 
i s  r e l a t ed  to  the  CDU o s c i l l a t o r  f r equency .  The F D S  s h a l l  count 
th is  s igna l  o v e r  i n t e r v a l s  of 96 s  and g e n e r a t e  an  8-bi t  word which 
def ines  the s igna l  f r e q u e n c y .  The  o s c i l l a t o r  moni to r  f r equency  and 
coun te r  i n t e r v a l  a r e  chosen  s o  tha t  each  count  r e p r e s e n t s  a  f r e -  
quency change of 6.  35 ppm;  and s o  tha t  the  r e s idue  remain ing  in the  
7 LSBs of the r e g i s t e r  i s  cen te red  a t  m i d r a n g e  when the MDS and 
F D S  o s c i l l a t o r  f r e q u e n c i e s  a r e  a t  t h e i r  des ign  v a l u e s .  The MSB of 
the  r e g i s t e r  s h a l l  b e  s e t  to  "1" when the  c o r r e c t  number  of o v e r -  
flows have  o c c u r r e d  and "0" o t h e r w i s e .  At  the end of the count 
i n t e r v a l ,  the da ta  in  the  counting r e g i s t e r  s h a l l  b e  t r a n s f e r r e d  to  an  
8-bi t  s t o r a g e  r e g i s t e r  and the count r e g i s t e r  s h a l l  b e  r e s e t .  The  
s t o r a g e  r e g i s t e r  s h a l l  hold the t e l e m e t r y  s a m p l e  until  readout  o r  
updated with a  l a t e r  s a m p l e .  The s t o r a g e  r e g i s t e r  s h a l l  be r e s e t  
upon readou t .  If the s t o r a g e  r e g i s t e r  i s  i n t e r r o g a t e d  a f t e r  being 
r e a d ,  but p r i o r  t o  being updated with a  new s a m p l e  the t e l e m e t r y  
word s h a l l  be a l l  z e r o s  . 

Enginee r ing  
N u m b e r  - 

NA 

E-689 

E-690 

E-691  

E-692 

E - 6 9 3  

E-694  

E-695  

E-696 

E-697  

E-698 

Eng inee r ing  
Number  - 

WA 

E-699 

E-700 

E-701 

E-702 

E-703  

E - 7 0 4  

E-705  

E-706 

E-707  

E-708 

M e a s u r e m e n t  

ISS Input C u r r e n t  

ISS F o c u s  C u r r e n t  

ISS E v e n t  L a d d e r  

ISS G1 Voltage 

ISS G2 Voltage 

ISS Cathode Read  C u r r e n t  

ISS A v e r a g e  Video 

ISS t 5 V d c  

ISS F i l a m e n t  C u r r e n t  

ISS Cathode E r a s e  C u r r e n t  



M e m o r y  Readout  F o r m a t s  

The  following sec t ion  d e s c r i b e s  m e m o r y  readou t  m o d e s  f o r  AACS, 
CCS, and FDS us ing eng inee r ing  f o r m a t s  AA-12, AA-40,  FD-12 ,  
F D - 4 0 ,  CC-12,  and CC-40. 

4. 4. 1 AACS M e m o r v  Readout  

4. 4. 1. 1 High R a t e  AACS M e m o r y  Readout  (1200 b p s ) .  High r a t e  AACS m e m -  
o r y  readou t  is accompl i shed  b y  us ing the  AA- 12 eng inee r ing  f o r m a t .  
T h e  o rgan iza t ion  of th i s  f o r m a t  i s  s i m i l a r  to LN- 12 o r  MN- 12 engi-  
nee r ing  f o r m a t s  excep t  the  AACS m e m o r y  readou t  d a t a  u t i l i zes  the  
18 locat ions  a s  w e r e  used  f o r  n o r m a l  AACS eng inee r ing  t e l e m e t r y  
da ta .  T h e s e  pos i t ions  a r e  l i s t e d  i n  Table 4-20. A l l  o t h e r  engineel-ing 
c o m m u t a t o r  loca t ions  wi l l  conta in  those  eng inee r ing  m e a s u r e m e n t s  
a s  speci f ied  f o r  the  f o r m a t  defined b y  b i t s  5 ,  6 ,  and 7 of the  f o r m a t  
ID field. E a c h  m i n o r  f r a m e  wi l l  conta in  the  AACS da ta  words .  
Both the  AACS a d d r e s s  word and the  d a t a  word  wi l l  b e  b r o k e n  into 
t h r e e  8 -b i t  by tes  a s  fol lows:  

a )  Mos t  s ignif icant  byte  ( 1 )  OOOOOOXX 

b )  Second s igni f icant  byte  ( 2 )  XXXXXXXX 

c )  L e a s t  s ignif icant  byte (3 )  XXXXXXXX 

Note that  the  AACS a d d r e s s  field i s  only 12 b i t s .  T h i s  m e a n s  the  
n ~ o s t  s igni f icant  byte of a n  a d d r e s s  word wi l l  b e  a l l  z e r o s .  T a b l e  21 
shows what  da ta  wi l l  b e  contained in e a c h  word  dur ing  high r a t e  
metmory readout .  T h e  readou t  i s  genera ted  by F D S  sending AACS 
a comnland sequence  consis t ing  of s i x  t e l e m e t r y  a d d r e s s e s  (one  foir 
e a c h  byte of the  a d d r e s s  and one f o r  e a c h  byte of the  d a t a  word) .  
During m e m o r y  readou t  the f o r m a t  ID word wi l l  change to identify 
the  n l e m o r y  readou t  opera t ion .  See  Sect ion  3. 1. 2 of th i s  document  
fo r  f o r m a t  ID desc r ip t ion .  

4. 4. 1 .  2 Lo\\? R a t e  AACS M e m o r y  Readout  (40  bps ) .  Low r a t e  AACS 
m e m o r y  readou t  i s  accompl i shed  by using the  AA-40 eng inee r ing  
f o r m a t .  The  o rgan iza t ion  of th is  f o r m a t  i s  s i m i l a r  to the  o t h e r  
40 bps  eng inee r ing  f o r m a t s ;  however ,  AACS da ta  wi l l  u t i l ize  the 
e n t i r e  engineer ing  s y s t e m .  AACS eng inee r ing  d a t a  (us ing  the  a p p r o -  
p r i a t e  AACS ident i f ie r  t ab le  a s  speci f ied  b y  b i t s  5 ,  6 ,  and 7 of the  
f o r m a t  ID f ie ld)  wi l l  continue to b e  t r a n s m i t t e d  o v e r  the  24 pos i t ions  
used f o r  n o r m a l  t e l e m e t r y  o p e r a t i o n s ,  and the  r e m a i n i n g  non-FSC 
posi t ions  lvill b e  used f o r  AACS m e m o r y  readou t .  T h e s e  a r e  l i s t ed  
in Tab le  4-21. Th i s  table  a l s o  shows  the method of identifying the 
AACS m e m o r y  readou t  da ta .  When o p e r a t i n g  a t  e i t h e r  10 o r  40 bps  
the  FDS i s  alw-ays reques t ing  m e m o r y  readou t  ( e v e n  i n  the  e n g i n e e r -  
ing t e l e m e t r y  m o d e )  but  only p icks  up readou t  da ta  f r o m  the HYBIC: 
FDS r e g i s t e r  when in the  m e m o r y  readou t  mode.  

Dur ing m e m o r y  readou t  the  f o r m a t  ID word  wi l l  change to identify 
the  n len lo ry  readou t  opera t ion .  See  Sect ion  3 .  1. 2 of t h i s  document  
f o r  fo rn la t  ID desc r ip t ion .  



T a b l e  4-20. AACS M e m o r y  R e a d o u t  a t  1200  b p s  ( A A -  1 2  E n g i n e e r i n g  F o r m a t )  

-3. 

. "Remain ing  \l.ol-ds in  E N G  T L M  f o r m a t  a r e  be ing  used  f o r  S / C  e n g i n e e r i n g  t e l e m e t r y .  

8 -b i t  B y t e  3  8 - b i t  B y t e  2  
AACS M e m o r y  Readou t  

Words':: 8 -b i t  B y t e  1  

108 ,  111,  114 

117 ,  120,  123  

126 ,  129,  132 

135 ,  138,  141 

144 ,  147,  150 

153 ,  156,  159  

O O O O O O O O O O O O A l  
A 1  

O O O O O O D l  1 

O O O O O O D 2  D 2  

0 0 0 0 0 0 D 3  
D 3  

0 0 0 0 0 0 D 4  
D 4  

0 0 0 0 0 0 D 5  
D 5  

A1 = A d d r e s s  whose  c o n t e n t s  are  r e a d  ou t  a s  D 
1 

D = Conten t s  of A d d r e s s  A 
1 

D L  = Conten t s  of A d d r e s s  (A1 p lus  1 )  

D = Conten t s  of A d d r e s s  (A1 p lus  n -  1 )  
1 1  

T h ~ s  seqrlence r e p e a t s  e v e r y  m i n o r  f r a m e .  



A 4.4 .1 .3  AACS M e m o r y  Readout Via the  Memory  A c c e s s  Module (MAM). 
The  capabil i ty a l s o  ex i s t s  to  r e a d  out the  AACS m e m o r v  on E-750 
non~ ina l l y  by placing th i s  m e a s u r e m e n t ,  which r e q u i r e s  t h r e e  pos - 
i t ions ,  e ach  s epa ra t ed  by 30 m s  o r  m o r e ,  on the 100 deck.  Th i s  
a l lows readout  of the  inact ive  AACS m e m o r y .  The  readout  m a y  be 
be obtained in  any f o r m a t ,  m a y  be obtained by utilizing posit ions on 
a lower  r a t e  deck,  and could be  obtained by utilizing any mul t ip le  
of the  t h r e e  r equ i r ed  posit ions provided that  the  30 m s  cons t ra in t  
i s  not violated. Each  r e a d  of E-750 gene ra t e s  one 8-bit m e a s u r e -  
m e n t  and t h r e e  succe s s ive  m e a s u r e m e n t s  contain one 18-bit  AACS 
merno ry  word,  Z, and the s i x  l e a s t  s ignificant  b i t s  of the a d d r e s s ,  
M, of Z. These  t h r e e  m e a s u r e m e n t s  a r e  fo rmat ted  a s  follows: 

FDS Bit Pos i t ion  8 7 6 5 4 3 2 1  

F i r s t  Measu remen t  '1 '2 '3 '4 '5 '6 M2 
Second Measu remen t  '7 '8 '9 '1 0 '11 '12 M3 M4 
Th i rd  Measu remen t  '13 '14 '15 '16 '17 z18"5 M6 

whe re  Z = Z 18' z17, . Z a n d M = M I Z ,  M l l ,  . . , M 6 , .  . . 1 M1 ' 

The a d d r e s s  M i s  i nc r emen ted  a f t e r  e v e r y  t h i rd  FDS read .  Identi-  
f icat ion of f i r s t ,  second,  and t h i rd  p a r t s  of one word m a y  be  
achieved by synchronizing with the  a l t e rna t ing  1 ,  0, 1 ,  0, . . . 
pa t t e rn  of bit 2 f o r  sequent ia l  f i r s t  m e a s u r e m e n t s .  

The  s i x  l e a s t  s ignificant  b i t s  identify a m e m o r y  word within a block 
of 64. Unique identif icat ion of a block m a y  be obtained f r o m  
merno ry  context  a n d / o r  knowledge of m e m o r y  readout  s t a r t ing  t i m e  
and a d d r e s s  which a r e  extabl ished by command. 



Table 4-21. AACS M e m o r y  Readout  a t  10 and 40 b p s  (AA-40 Eng inee r ing  F o r m a t )  

A1  = A d d r e s s  whose  contents  a r e  r ead  out  a s  D l  

D l  = Contents  of A d d r e s s  A 1  

8-bi t  Byte  3 8-bi t  By te  1 

D = Contents  of A d d r e s s  (A plus n- 1 )  
1 

8-bi t  Byte  2 

I wx = Spare 

-8, 

"'Remaining w o r d s  on 100  deck  a r e  be ing used f o r  AACS eng inee r ing  t e l e m e t r y .  



4.4. 2 CCS Memory  Readout 

High r a t e  (1200 bps )  and low r a t e  (40 bps )  CCS m e m o r y  readouts  
a r e  accomplished by  using CC-12 and CC-40 engineering f o r m a t s  
respect ively ,  e ach  with unique fo rma t  ident i f iers .  In these  fo rma t s  
CCS m e m o r y  a d d r e s s l d a t a  r ep l ace s  a l l  engineering data  with the 
exception of the 64-bit  header .  CCS m e m o r y  readout i s  normal ly  
accomplished on one-half of the CCS a t  a  t ime.  Output wil l  b e  
provided f r o m  e i the r  output Unit 1 o r  2. The f i r s t  four 8-bit  words  
following the header  contains the m e m o r y  section s t a r t  a d d r e s s  for  
the readout.  Following this  a d d r e s s  a r e  8 blocks of 32 bi ts  each .  
The  f i r s t  block contains the data  in the s t a r t  a d d r e s s ,  and the 
following 7 blocks contain the data  in the next 7 CCS m e m o r y  
position. Th is  sequence wil l  r epea t  until the requested portion has  
been  readout.  After  the readout  i s  completed the CCS will continue 
to output CCS t e l em e t ry  data  until a  mode change i s  commanded.  
Identification of the m e m o r y  readout  words  and bit  s ignificance i s  
shown in Table 4-22. 

4.4. 3 FDS Memory  Readout 

High r a t e  (1200 bps )  and low r a t e  (40 bps )  FDS m e m o r y  readouts  
a r e  accomplished by using the FD-12 and FD-40 engineering fo rma t s  
respect ively ,  each  with unique fo rma t  identif iers .  In these  f o r m a t s  
FDS m e m o r y  a d d r e s s  /da ta  r ep l ace s  a l l  engineering da ta  with the  
exception of the 64-bit  header .  The  s ta r t ing  a d d r e s s  of the readout  
(any m a y  be  chosen)  i s  specified by a n  FDS block load. The s ta r t ing  
a d d r e s s  occupies  the f i r s t  two 8-bi t  words  following the heade r ,  
followed by 25 16-bit  m e m o r y  words .  Consequtive 25 word blocks 
of FDS m e m o r y  wil l  continue to be  readout  until the m e m o r y  readout 
mode i s  t e rmina ted  by switching to another  da ta  mode. Note that 
s ince  data  mode changes a r e  const ra ined to occu r  on 48-second 
c e n t e r s ,  FDS m e m o r y  readouts  will occu r  in mul t ip les  of 25 words .  

4 . 4 . 4  Memory  Readout T i m e s  

Table  4-23 identif ies the t imes  r equ i r ed  f o r  the AACS, CCS, and FDS 
m e m o r y  readouts  de sc r i bed  i n  pa r ag raphs  4.4.1,  4 .4 .2 ,  and 4 .4 .3  
above.  

CCS Output 

CCS outputs 1 and 2 a r e  readout  in the engineering t e l eme t ry  by 
use  of engineering m e a s u r e m e n t s  E-130 through E-133. CCS h a s  
two output r e g i s t e r s ,  one assoc ia ted  with each  output unit. Output 
Unit 1 u s e s  E-130 with E-132 being redundant. Output Unit 2 u se s  
E-  13 1 with E-  133 being redundant. 

T h r e e  types  of CCS output words  m a y  be  t ransmi t t ed .  These  a r e  
shown by Tables  4-22,  4-24, and 4-25. 

CCS output is a 32-bit b ina ry  word t ransmi t t ed  in four  8-bit  
engineer ing words .  Note that  the ground da ta  p rocess ing  bi t  o r d e r  
i s  r e v e r s e d  f r o m  the CCS output r e g i s t e r  bit number  o r d e r .  Ground 
process ing  b i t s  9,  17, and 25 identify the type of CCS output word 
being t ransmi t t ed .  



A Table 4-22. CCS P r o c e s s o r  Word 

I W o k 0  1 I WOK0 2 1 WOl!D 3 I WORD 4 1 
I I 

-- 

I I I 
I I I 
I I I 

B 0 I I I 
I 1  1 

TOLCKANCE DETECTOR (4 PLACCS) 
I I I 

I I 
I I 

I 
I 

ENAOLED 0 
DISABLED 1 

N S :  

1. THE PROCESSOR WORD MAY CONTAIN  O N E  OF SEVERAL DATA STATFMENTS INCLUDING 
THE FOLLOWING: 

CCS WORD 8 
12 AISL or CI~ECI:SUM 

, -- - - . -- 
12 LS6 OF CHECKSUM 

~ . U T O  rNTw -- 
COh4.MAND COUNT 0 0 1 0 1 1  

-- - EVENT COUNT 

T E L E M C T R ~  BUFFER FULL @ WORDS LOST - -- 1 0 3 1 1 0  

CDU LOCK CtiANGE COU!:I (;) LOCI; C l iANGE COUNT 1 0 0 1 0 1  . / - - 
[ DTP TIC POSITION a) DTR TIC COUNT 

2. SYMBOLS 

T' SET TO 1 IF COMMAND CAUSED T ~ R M I W ~ T I O N ~  
R *  SET TO 1 IF COMMAND WAS RCJLCTEV 4 - 
C SET TO I IF BASE COhlMAtJD WAS COUP CTED 
C B 

v 
SET TO 1 IF BLOCK COMt.IAND WAS COFCCCTED 

ID*  SET TO I lr PKOCt5502 OK S/C II) VdA5 IiJCORRLCT 

SEQ SC1 TO I IF COt.:MANO BLOCK Wf.5 CUT-OI  -5CQUtt.ICE 
BLk: ID BITS 8-7 OF ACCUt.1LILATOK 
SEQ NO.  BITS 4 . 1  OF f\CCllh.lUIATOR 

1S:UcD 10 BIT T I t . 3  5 AFT[ i: LAST BIT Of CO:.:I.V.ND 11'!1155 
TtIL T OR R BIT I5 5 r l  TI!! N I T  I: I5SUCD AFTER TllL VIST BIT 
or TI IC C O M ~ ~ A ~ J D  

@ Alt M I X Y  IS R I  AI) 0111 IN 8-WOkD SLCIION:. TIIL TllRCE LS31 
OF TtiF SCCTIOFI ~ I ~ I I I  Al'l)Kl 55 ART A!Vt'AYS ZLRO 

3. T0LII:ANCI- DC Tf CTO!: SIATIIS. 

lr WORD IS FROM OU1, TOLIRANCC DCKCTOR STATUS IN IV4K SUPPLY H IS INDICATCD 

IF WOI!O IS FHOM 0[1?, Tall R4KCr l)l.KCTOR STATUS IN I'WR :1JFPIY A IS INDICATED 

4. TOK DATA TRANSMISSION I'KOCI.SSOR WORD HAS tIICIICST PRIORITY 



MJS77-3-280 B 

+ Table 4-23.  Memory Readout Times 

Tab le  new this issue (Amendment B, 8 A p r i l  1977)  

10 bps 

40  bps 

1200 bps 
.- -- -- 

AACS 

24, 576 s 
(6.  87  h)  

6144 s 
(1.  707 h) 

328 s 

- - 

C C S  

NA 

6144 s 
(1. 707 h) 

204.8  s 

FDS 

NA 

3936 s 
(1. 093 h) 

131. 2 s  



Table 4-24. CCS Output E v e n t  W o r d  

WORD I I MSB 
WORD 2 WORD 3 WORD 4 

LSB I 

L ODD 
PAR l TY 

NOTES: 

1. THE OUTPUT EVtNT WORD IS EQUIVALENT TO TtHE 18-BIT ACCUMULATOR WORDS 
ILLUSTRATED IN MJS77-3-290, EXCEPT FOR LSB WHICH I S  ODD PARITY 

2. TOLERANCE DETECTOR STATUS: 

IF WORD I S  FROM OU1, TOLERANCE DETECTOR STATUS I N  PWR SUPPLY B IS INDICATED 

IF WORD IS FROM OU2, TOLERANCE DETECTOR STATUS IN PWR SUPPLY A IS INDICATED 

3. FOR DATA TRANSMISSION OUTPUT EVENT WORD HAS SECOND PRIORITY 

GROUNDPROCESSINGBITNO. 1 2 3 4 5 6 1  7 8 9 10 

'OUTPUTREGISTERBITNUMBER 32 31 30 29282712625  2423  

OUTPUT REGISTER CONTENTS 

29 

4 

I  I I 
PROCESSOR I !  I 1  I 

1 1  

A 1 OUTPUT 1 1 '  I 1  I  
EVENT EVENT 

O EXECUTION COUNTER 
I I ' I  I 
I  I  ' I  I  

TOLERANCE (4 PLACES) I I I 1  I 
DETECTOR I I  I  I l  I 
ENABLED 0 I 

1 I I I  1 
DISABLED 1 I I I I  1 

I I  I  I  I  

31 

2 

30 

3 

16 

17 

T~ 

OUTPUT EVENT WORD BIT NUMBER 118117)16)15114)13 

32 

1 

T~ 

1 1  

22 

17 

16 

(I 

121111101 91 8 1  7 

13 18 12 

21 .~ 

23 

10 

19 14 

2019  9 

T~ 

15 

18 

20 

1 5 1 4 - 6 1 2  

21 2425 

8 

(I 
6 

22 

1 1  

26 

7 

2 7 2 8  

5 



Table 4-25. CCS Status W o r d  

I MSB 
WORD 1 WORD 2 WORD 3 WORD 4 

TOLERANCE 
DETECTOR (4 PLACES) - J j  

, LSB 
DON'T CARE 

OUTPUT 
EVENT 
COUNTER 

ENABLED 0 
DISABLED 1 

I 
I 

I - 1  - - - -  - 

I I 
I I I 

I I 
1 1  I 

I I 1  1 
I I 1 1 1  
I I I I 

I 
I 
I I I I I 

I 

9 
0' 

NOTES: 

CCS STATUS WORD BIT NUMBER 118117(16~15114(13 121111101 9 1  8 1  7 6 1 5 1 4 1 3 1 2 1  1 

1. THE STATUS WORD BITS DESCRIBE THE FOLLOWING CONDITIONS AND THE 
TITLE I S  DENOTED BY A " 1  "STATE. 

GROUND 
PROCESSOR 

BIT 

21 
22 
23 
26 
27 
28 
29 
30 
3 1 

OUTPUT 
REGISTER 

BIT 

12 
1 1  
10 
7 
6 
5 
4 
3 
2 

CCS 
BIT  - 

GROUND 
PROCESSOR 

BIT 

B - ENABLED BY A 10 
B - ENABLEDTO THIS O U  1 1  
B - ENABLED TO OTHER OU 12 
A - MEMORY PROTECT ACCESS 13 
A - 2-8 INTERRUPT OVERRIDE ENABLED 14 
A - ACTIVE 15 
B - MEMORY PROTECT ACCESS 18 
B - 2-8 INTERRUPT OVERRIDE ENABLED 19 
B - ACTIVE 20 

OUTPUT 
REGISTER 

BIT 
CCS 
BIT - 
18 A - INTERNAL ERROR 
17 A - POWER FAILURE 
16 A - COMMAND ERROR (P) 
15 B -INTERNALERROR 
14 B - POWER FAILURE 
13 B - COMMAND ERROR (P) 
12 A - ENABLED BY B. 
1 1  A - ENABLED TO THIS O U  
10 A - ENABLED TO OTHER O U  

2. TOLERANCE DETECTOR STATUS: 

IF WORD IS FROM OUI, TOLERANCE DETECTOR STATUS I N  PWR SUPPLY B IS INDICATED 

IF  WORD I S  FROM OU2, TOLERANCE DETECTOR STATUS IN PWR SUPPLY A IS INDICATED 

3. FOR DATA TRANSMISSION STATUS WORD HAS LOWEST PRIORITY 



4.6  AACS Engineerinp Data Limitations 

Access to AACS data is  limited by a 20 ms  per  8-bit word limit to 
the HYBIC FDS register .  Thus 1200 bps data ra tes  a r e  limited to 
18 data words per MF. 



5.0  CRUISE DATA FORMATS 

4~ 5. 1 CR- 1 

5 . 1 . 1  Data Content 

The CR - 1 fo rma t  includes measu remen t s  f o r  the following 
inst ruments :  

PWS UVS L E C P  MAG 
P P S  CRS PLS PRA 

This fo rma t  a l so  contains S IC  engineering and S IC  time. 

5 .1 .2  CR- 1 F r a m e  Structure  

F igure  5-1  shows one minor  f r a m e  (MF) of CR-1 data. As indicated, 
one MF compr i se s  a t ime period of 0 .6  s ,  equivalent to  16 line counts, 
and has  a f r a m e  length of 1, 536 bits. Information i s  t ransmit ted a t  
a data r a t e  of 2560 bps. 

F igure  5-1. One Minor F r a m e  of CR-1 Data 

rC 1,536 BITS -I 

5.1.3  F r a m e  Synchronization and Time (Bits 1-32, 41-64) 

F ra lne  and time identification desc  ription i s  delineated in Section 3 
of this document. 

5.  1 .4  F o r m a t  Identification (Bits 33-40) 

7 0.6 s 

MAG 

(720) 

F o r ~ n a t  identification word fo r  CR- 1 i s  shown in paragraph  3. 1 . 2  
of this document. 

PRA 

(160) 

L E C P  

(150) 

CRS 

(156) 

5 .1 .5  Engineering (Bits 65-88) 

PLS 

(128) 

UVS 

(70) 

Each CR-  1 MF contains 3 8-bit  engineering words which a r e  gener -  
ated a t  40 bps. The engineering M F  output (the f i r s t  3 words )  i s  
output in CR-1 MFs  1, 21, 41, and 61 (which contain LC values of 
1, 201, 401, and 601, respect ively) .  This a lgor i thm i s  the s a m e  a s  
GS-3 and OC-1. 

HEADER 

(64 

Paragraph  5.1 ne\v this issue (Amendment B, 8 Apri l  1977) 

PWS 

(24) 

ENGR 

(24) 

STATUS 

(16) 

P P S  

(24) 



5 .1 .6  PWS Data (Bits  89-1 12) 

PWS sampling i s  identical  to GS-3. PWS B (HFLC)  and PWS A 
( L F L C )  a r e  each  sampled eve ry  0 . 5  s .  A complete scan  of 16 
s amp le s  i s  taken eve ry  4 s .  The PWS vs .  CR- 1 M F  r epea t s  
eve ry  20 M F s .  Each s c a n  i s  p receeded  by four f i l l e r  words .  
The PWS data i s  shown in Table 5- 1. 

Table 5- 1. PWS Data 

Status (Bits  113-128) 

CR-1 MF 

1 of 20 

2 of 20 

3 of 20 

4 of 20 

5 of 20 

6 of 20 

7 of 20 

8 of 20 

9 of 20 

10 of 20 

11 of 20 

12 of 20 

13 of 20 

14 of 20 

15 of 20 

16 of 20 

17 of 20 

18 of 20 

19 of 20 

20 of 20 

This  f ield contains ins t rument  s ta tus  and command words  in addi- 
tion to FDS command s ta tus ,  a s  shown in Table 5-2 .  It i s  commu- 
ta ted between t en  sou rce s  with posit ions 8 and 9 being fu r ther  sub- 
commutated.  All words  a r e  r ight  justified when l e s s  than 16 bits  
except the FDS 12-  bit commands received f rom CCS which a r e  
left just if ied.  The s ta tus  and command definitions a r e  exactly a s  
defined in GS- 3 .  

Function 

XX XX XX 

XX 9 1 

10 2 11 

3 12 4 

13  5 14 

6 15 7 

16 8 XX 

X X  XX XX 

9 1 10 

2 11 3 

12 4 13 

5 14 6 

15 7 16 

8 XX XX 

X X  XX 9 

1 10 2 

11 3 12 

4 13 5 

14 6 15 

7 16 8 
I - 
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Table 5-2. CR-1  Sta tus  Data (Sheet 1 of 2 )  

Funct ion 

MAG Status Word 1 

MAG Status  Word 2 

CRS Status  Words 

Word 0 

Word 1 

. . 

. . 
Word 7 

Word 8 

. . 

. . 
PRA Mode Command (one f o r  e a c h  s c a n )  

PRA Configuration Command (one f o r  e ach  s c a n )  

P P S C T E N T R Y  

6 

16 

26 

36 

46 

56 

66 

76 

L E C P  R /S  Commands (the l a s t  one sen t  before  
each  readout )  

Subcommutated 

PWS Bi-Level  Command 

PWS Status  

MAG Command 1 

MAG Command 2 

UVS Bi- Level  Command 

UVS Readout F l ag  

PLS  M-Mode Command 

PLS  E 1 -Mode Command 

Posi t ion 

1 

2 

3 

4 

5 

6 

7 

8 

CR- 1 M F  

1, 11, 21. . . 71  

2,  12, 22. .  . 72  

3, 13, 23..  . 7 3  

3(SC T60=0) 

13(SCT60=0) 

. . 

. . 
73(SCT60=0) 

3(SCT60=1) 

. . 

. . 
4 ,  14, 24. . . 7 4  

5, 15, 25.. . 7 5  

6,  16, 26 . . .76  

6 

16 

26 

36 

46 

56 

66 

76 

7, 17, 27. . - 7 7  

8,  18, 28.. . 7 8  

8 

18 

28 

38 

48 

58 

68 

78 
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Table 5-2. CR-1 Status Data (Sheet 2 of 2)  

5. 1 .8  PPS Data (Bits 129-152) 

Position 

9 

10 

The PPS sampling and data output is  identical to GS-3. One 24-bit 
sample is  output every  CR-1 MF (MF 1 contains data f r o m  the 
PPS 80-word table en t ry  number 79; MF 2, en t ry  80; MF 3, entry 1; 
etc). The PPS s e r i a l  command is output in status field position 6. 

5.1. 9 UVS Data (Bits 153-222) 

CR-  1 M F  

9, 19, 29.. - 7 9  

9 

19 

29 

39 

49 

59 

6 9  

79 

10, 20, 30.. . 8 0  

A UVS snapshot i s  taken every 12 s a t  an  instantaneous ra te  of one 
diode pair every  60 ms.  The snapshot takes 3.84 s .  The data is 
output in 18-217 CR-1 MFs. The remaining 1-517 MFs contain 
f i l ler .  The UVS .vs. CR.-1 MF readout is  shown in Table 5-3. 

Function 

Subcommutated 

LEC P Command 

CRS Command 

Spare 

Spare 

Spare 

Spare 

Spare 

FDS Command Count (The number of 12-bit 
commands FDS received f r o m  CCS in the p r e -  
vious 48 s between f r a m e  s t a r t s ) .  

FDS Coded Commands (The 1s t 8 commands 
received f r o m  CCS in the previous 48 s between 
f r a m e  s ta r t s ) .  

Table 5-3. UVS Data 

CR-1 MF 

1 of 20 

2 of 20 

. . .  

. . .  
18 of 20 

19 of 20 

20 of 20 

Function 

Dl27 Dl28 D l  D2 D3 D4 D5 

D6 D7 D8 D9 Dl0  Dl  1 D l 2  

Dl18 Dl19 Dl20 Dl21 Dl22 Dl23 Dl24 

Dl25 Dl26 XX XX XX XX XX 

XX XX XX XX XX XX XX 



CRS Data (Bits 223-378) 

CRS sampling and data output is identical to GS-3. CR.S is  sampled 
every 6 s and output in status field position 3. 

5.1.11 LECP Data (Bits 379-528) 

The LECP data mix is 2: 1 PHA to Rate/Status (R/S). A PHA 
burst. of 4 words is sampled every 0. 24 s (4 lines). Rate/Status 
data is  also sampled in 4 word bursts  once every 0.48 s (8 lines). 
Each CR- 1 MF contains 15 10-bit LECP words. The readout pat- 
tern of LECP data vs. CR-1 MFs repeats every 4 MFs a s  shown 
in Table 5-4. The s t a r t  of the RIS cycle occurs in MF 1 when 
SCT60 = 0. 

A 5.1.12 PLS Data (Bits 529-656) 

A PL,S scan is  output every 12 s (every 20 CR-1 MFs)  and consists 
of 320 8-bit words. This includes 16 E l  samples, 300 M samples, 
2 status words, and 2 M s ta r t  words. Different subsets of M mode 
data a r e  output in alternate scans. Only 100 sample groups (A, B, 
and C cups) of the 128 M-mode sample groups a r e  output each scan. 
In the PLS data readout order  shown in Table 5 - 5 ,  X is equal to the 
M Start  Word divided by 3 .  The M data output starting in CR-I 
MFs 1 1  and 51 use M Start  Word 1 .  M data output starting in CR- I 
MFs 31 and 7 1 use M Start  Word 2 .  Only M data from CUPS A, B ,  
and ( z  a r e  output in CR- 1. 



Table 5-4. L E C P  Data 

1  2 3 

1 of 4 R / S  R / S  R / S  R / S  ( P H A  P H A  P H A  P H A  P H A  P H A  P H A  P H A  

4 

P H A  P H A  P H A  

2 of 4 

3 of 4 

4 of 4 

5  

P H A  

6 

R / S  R / S  R / S  R / S  

R / S  R / S  

7 

P H A  P H A  P H A  P H A  

P H A  P H A  P H A  P H A  

8 

P H A  P H A  P H A  P H A  

P H A  P H A  P H A  

R / S  R / S  

P H A  P H A  P H A  P H A  

P H A  P H A  P H A  P H A  

9 

R / S  R / S  R / S  R / S  

10 1 1  

P H A  

R / S  R / S  R / S  R / S  P H A  P H A  P H A  P H A  

1 2  1 3  14 15  
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A Table  5 - 5 .  P L S  D a t a  

MAG D a t a  (B i t s  657- 1376) 

CR-1 M F  

Only L F M  d a t a  i s  output in CR-  I .  Both  p r i m a r y  and s e c o n d a r y  
L F M s  a r e  s a m p l e d  e v e r y  60 m s  with the  fu l l  12-bi t  word  f r o m  
e a c h  a x i s  being output  d i r e c t l y  without p r o c e s s i n g .  E a c h  M F  con-  
t a i n s  10 g r o u p s  of the  following d a t a :  P L F M X ,  P L F M Y ,  P L F M Z ,  
S L F M X ,  S L F M Y ,  and S L F M Z .  MAG s t a t u s  (both  w o r d s )  i s  
s a m p l e d  e v e r y  9 .  6  s  and output  in s t a t u s  f ie ld  pos i t ions  1 and 2. 

Funct ion  

P R A  Data  ( B i t s  1377-1 576)  

P R A  s a m p l i n g  and d a t a  output  i s  i den t i ca l  t o  GS- 3 .  P R A  m o d e  and 
conf igura t ion  c o m m a n d s  a r e  both s a m p l e d  and output  e v e r y  6 s  in 
s t a t u s  f ie ld  pos i t ions  4 and 5 ,  r e s p e c t i v e l y .  

1 of 20 

* 5 . 2  CR-  2 -- 

M Sample  (BXf52)  t h r u  M Sample  ( B X t 5 7 )  

5 .  2 .  1 D a t a  Content  

The  C R - 2  f o r m a t  inc ludes  m e a s u r e m e n t s  f o r  the  following 
i n s t r u m e n t s  : 

2 of 20 , 
3 of 20 
4 of 20 
5 of 20 
6 of 20 
7 of 20 
8 of 20 
9 of 20 

10 of 20 
1 1  of 20 

12 of 20 
13  of 20 
14 of 20 
15 of 20 
16 of 20 
17 of 20 
18 of 20 
19 of 20 
20 of 20 
I 

P LS UVS CRS P R A  
P WS MAG L E C P  P P S  

M S a m p l e  ( C X t 5 6 )  t h r u  M Sample  ( C X t 6 2 )  
M Sample  (AXt63)  t h r u  M Sample  ( A X t 6 8 )  
M Sample  (BXt68)  t h r u  M Sample  ( B X t 7 3 )  
M S a m p l e  ( C X t 7 3 )  t h r u  M S a m p l e  ( C X t 7 8 )  
M Sample  (AXt79)  t h r u  M Sam.ple ( A X t 8 4 )  
M Sample  ( B X t 8 4 )  t h r u  M Sample  ( B X t 8 9 )  
M Sample  ( C X t 8 9 )  t h r u  M S a m p l e  ( C X t 9 4 )  
M Sample  (AXt95)  t h r u  M S a m p l e  ( C X t 9 9 )  and E l  S ta tus  
E l  S a m p l e s  (DO]) t h r u  (D16) 
M S t a r t  Words  1 and 2, M S ta tus ,  and M Sample  

(AX) t h r u  M S a m p l e  ( A X t 4 )  
M S a m p l e  (BXf4)  t h r u  M Sample  ( B X t 9 )  
M Sample  ( C X t 9 )  t h r u  M S a m p l e  ( C X t l 4 )  
M S a m p l e  ( A X t l 5 )  t h r u  M Sample  (AXt2O) 
M S a m p l e  (BXS-20) t h r u  M S a m p l e  ( B X t 2 4 )  
M Sample  ( C X t 2 5 )  t h r u  M Sample  ( C X t 3 0 )  
M Sample  ( A X t 3 1 )  t h r u  M S a m p l e  (AXt36)  
M Sample  ( B X t 3 6 )  t h r u  M S a m p l e  ( B X t 4 1 )  
M Sample  (CXf41)  t h r u  M S a m p l e  (CXt46)  
M Sample  (AXt47)  t h r u  M Sample  (AXt52)  

Th i s  f o r m a t  a l s o  con ta ins  S I C  eng inee r ing  and t i m e .  

* P a r a g r a p h  5. 2 n e w  t h i s  i s s u e  ( A m e n d m e n t  B, 8 Apr i l  1977).  



A 5.2 .2  CR -2 F r a m e  St ruc ture  

F igure  5-2 shows one minor  f r a m e  (MF)  of CR-2 data.  As indicated, 
one minor f r a m e  compr ises  a t ime period of 1.2 seconds,  equiva- 
lent to 20 line counts,  and has  a f r a m e  length of 1,  536 bi ts .  Infor- 
mation is  t ransmit ted a t  a data ra te  of 1, 280 bps. 

F 1, 536 BITS 4 

Figure  5-2. One Minor F r a m e  of CR-2 Data 

F r a m e  Synchronization and Time (Bits 1-32, 41 -64) 

F r a m e  and t ime identification descr ipt ion i s  delineated in Section 3 
of this document. 

PRA 

(320) 

5 .2 .4  F o r m a t  Identification (Bits 33-40) 

PPS 

(48) - 

M A G -  

(540) 

HEADER 

(64) 

F o r m a t  identification word for  CR-2 is  shown in paragraph 3 . 1 . 2  
of this document. 

L E C P  

(80) 

SUBCOM 

(124) 

ENGR 

(48 

5 .2 .5  Engineering (Bits 65 - 11 2)  

CRS 

(312) 

Six 8-bit engineering words a r e  output in each CR-2 MF a s  shown 
below (s tar t ing with SCT60 = 0). An engineering major  f r a m e  i s  out- 
put every  600 CR-2 MFs  (15 counts of SCT60). 

Engineering 
Word 

Engineering 
MF 

1 of 60 

1 of 60 



5.2.6  Subcom (Bits 113-236) 

This field contains UVS, PWS, PLS, ins t rument  s ta tus ,  and com-  
man.d s ta tus  data.  It is  40 MFs  long and repea ts  eve ry  800 l ines  
(48 s) .  The data content of the field i s  shown in Table 5-6. 

Table 5-6.  CR- 2 Subcom Data 

Function I 
12-bit MAG Status Words 

10-bit UVS Words 

10-bit UVS Words 

1 0-bit UVS Words 

8-bit PWS Words 

8-bit  PWS Words 

8-bit PWS Words 

8-bit  PLS Words 

16-bit Command Words 

12-bit Status Words 

16 -bit  Command Words 

12-bit  FDS Status Words 

16-bit Command 

12-bit Status 

Number 
of Words 

5 

6 

12 

2 

-13 

15 

14 

15 

7 

1 

1 

9 
1 

9 

Subcom-UVS Data - 
A UVS snapshot i s  taken every  48 s during l ines  1 through 64 and 
takes  3.  84 s .  The instantaneous r a t e  of one diode pa i r  every  60 ms  
is the s ame  a s  for  GS-3. The subcom contains one UVS snapshot 
pe r  cycle .  

The UVS data r ead  out in the subcom i s  shown in Table 5-7 .  Only 
bits  113 through 232 a r e  used and bits 233 through 236 a r e  always 
s p a r e s .  In M F  12 only bi ts  113 through 132 contain UVS. Each 
10-bit UVS sample consis ts  of a 4-bit exponent and a 6-bit mant i ssa .  
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Table 5-7. UVS Data 

5.2.6.  2 Subcom-PWS Data 
p- 

CR-2 M F  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

PWS sampling i s  identical  to GS-3. PSW B ( H F L C )  and PSW A 
( L F L C )  a r e  each  sampled  eve r  0. 5 s  through the engineering t r e e .  
A complete  s can  of 16 s amp le s  t akes  4 . 0  s .  The 12 s c a n s  taken 
eve ry  48 s  a r e  buffered and output in M F s  12 through 24. The 
s c a n  output in MF12 and the f i r s t  p a r t  of M F 1 3  is the 8th s can  
taken in the previous  48 s .  The l a s t  s c a n  output i s ,  the re fore ,  the 
7th s c a n  taken within the 48 s the data  i s  being output. M F  12 u se s  
bi ts  133 through 236, and a l l  o the r  M F s  u s e  bi ts  113 through 232 
except  M F  24 which h a s  s p a r e s  in b i ts  225 through 236. M F  13 
through 23 h a s  s p a r e s  in b i ts  233 through 236. 

Funct ion 

Diodes 127, 128, and 1 through 4; s p a r e s  

D5 through D16; s p a r e s  

D l7  through D28; s p a r e s  

D29 through D40; s p a r e s  

D41 through D52; s p a r e s  

D53 through D64; s p a r e s  

D65 through D76; s p a r e s  

D77 through D58; s p a r e s  

D89 through D100; s p a r e s  

Dl 01 through Dl 12;  s p a r e s  

Dl 13 through D124; s p a r e s  

Dl25  and Dl26  

5 .2 .6 .  3 Subcom-PLS Data - 

A PLS  scan  is output eve ry  96 s ( twice  through th is  subcom) and 
cons i s t s  of 390 8-bi t  words .  This  includes 64 L s amp le s ,  16 E l  
s amp le s ,  288 M samp le s ,  16 E 2  s amp le s ,  4 s t a tus  words ,  and 2M 
s t a r t  words .  The sampling of PLS data  is  identical  to the GS- 3 
mode although the data  is  p roce s sed  differently.  Different  subse t s  
of M mode  data  a r e  output in a l t e rna t e  scans .  Only 96 s amp le  
groups  (A ,  B, and C cups)  of the 128 M-mode sample  g roups  a r e  
output each  scan .  The location of the P L S  words  within the 13  M F s  
is  shown in Table 5 -8  when X denotes  the value of the M s t a r t  word 
in use .  Bits  11 3 through 232 a lways  contain PLS data  while 233 
through 236 a r e  a lways  s p a r e s .  
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Table 5 -8. Subcom - PLS Data 
Function 

E l  Status 

E l  (D01) thru E l  (D14) 

E l  (D15) thru E l  (D16) 

L Status 

L (A01) thru L(D03) 

L (A04) thru L (C07) 

L (D07) thru L (B11) 

L (C11) thru L (A15) 

L (B15) thru L (D16) 

E 2  Status 

E 2  (D01) thru E 2  (D07) 

E 2  (D08) thru E 2  (D16) 

M Star t  Word 1 

M Star t  Word 2 

M Status 

M(AX) thru M(CX + 1) 

M (AX + 2)  thru M (CS + 6 )  

M (AX + 7)  thru M (CX + 11)  

M (AX + 12)  thru M (CX + 16) 

M (AX + 17)  thru M (CX + 21) 

M (AX + 22)  thru M (CX + 26) 

M (AX + 27)  thru M (CX + 31) 

M (AX t 32)  thru M (CX + 36) 

M (AX + 37)  thru M (CX + 4 1 )  

M (AX t 4 2 )  thru M (CX + 46)  

M (AX t 4 7 )  thru M (CX + 51) 

M (AX + 52)  thru M (CX + 56)  

M (AX + 57)  thru M (CX + 61)  

M (AX t 62)  thru M (CX + 66)  

M (AX t 67)  thru M (CX + 71)  

M (AX + 72)  thru M (CX + 76)  

M (AX t 77)  thru M (CX + 81)  

M ( A X  + 8 2 )  thru M (CX + 86)  

M (AX + 8 7 )  thru M (CX + 91) 

M (AX + 92)  thru M (CX + 96) 

CR-2 M F  

2 5 

2 6 

2 7 

2 8 

2 9 

3 0 

3 1 

3 2 

3 3 

34 

3 5 

3 6 

3 7 

2 5 

2 6 

2 7 

2 8 

2 9 

3 0 

3 1 

3 2 

3 3 

34 

3 5 

3 6 

3 7 

SCT60  MOD 2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



Subcom-Status 

Subcom status data consists of status words for  MAG, FDS, CRS, 
PWS, and UVS contained in three subcom MFs. These status 
words a r e  shown in Table 5-9. 

Table 5-9. CR-2 Subcom Status Data 
1 

Function 

MAG Status Word 2 

Spare 

Spare 

Spare 

Spare 

FDS Command Counter (The number of 
12-bit FDS command words received 
during lines 1 thru 48 of the previous 
48 s inter.va1. ) 

FDS Command Words (The f i r s t  8 12-bit 
FDS command words the FDS received 
during the previous 48 s interval. I.£ none 
received, previous commands will  be read 
out again. ) 

CRS Status 

CRS Status 

CRS Status 

CRS Status 

CRS Status 

CRS Status 

CR.S Status 

CRS Status 

PWS Status (3 MSBs a r e  spa res )  

UVS Readout Flag " O1'=Enable, "1"= 

Inhibit (The "1" to inhibit is  contained in 
bit 236) 

CR-2 MF 

1 

39 

40 

CR-2 Bits 

113-124 

125 - 136 

137 - 148 

149- 160 

161-172 

129- 140 

141 -236 

129-140 

141 -152 

153- 164 

165 - 176 

177-188 

189-200 

201 -2 12 

213-224 

225-230 

23 1-236 



Subcom-Command Sta tus  

Th ree  subcom M F s  conta in  command s ta tus  f o r  MAG, L E C P ,  
UVS, PLS,  PRA,  PPS ,  and CRS a s  shown in Table  5-  10. S e r i a l  
commands  include the 4-bi t  des t inat ion code in the LS byte posi -  
tion of the 16 -bit word output. Bile.vel commands  include the 
en t i r e  16-bit OUT ins t ruct ion.  

Table 5-  10. CR-2 Subcom Command Sta tus  

5 . 2 . 7  CRS Data (Bits  237-548)- 

CRS i s  sampled  and p r o c e s s e d  a s  in GS- 3 .  Each  CR- 2 M F  conta ins  
the s a m e  data ,  in the s a m e  o r d e r ,  output in two GS-3 M F s .  PHA 
data  i s  sampled  in b u r s t s  of four  words  e v e r y  0. 24 s s t a r t ing  a t  
t = 0.0475 s .  The four  PHA words  output c h a r a c t e r i z e  one PHA 
event .  A single r a t e  sample  is t aken  eve ry  200 m s .  A comple te  
sequence of 480 r a t e  s a m p l e s  i s  output eve ry  80 M F s  (96 s ) .  Rate  
Word 1 of 480 i s  output in M F  1 when SCT60 = Even.  All  CRS 
words  a r e  12 b i t s .  The locat ion of PHA and Rate Words  within the 
M F  is:  

Func t ion 

MAG Command 1 

MAG Command 2 

LEC P Configuration Command 

UVS Bile vel Command 

P L S  Command 

PRA Mode Command 

PRA Configuration Command 

P P S  Command Word (Set DataICount  
Cont ro l )  

CRS Command 

CR-2 M F  

38 

39 

40  

Fou r  12 -Bi t  PHA words  (one even t )  

CR-2 Bi ts  

113-128 

129- 144 

145 - 160 

161-176 

177-192 

193-208 

209-224 

113-128 

113-128 

Two 12-Bi t  Rate  words  

F o u r  12 -Bi t  PHA words  

One 12-Bit  Rate  word 

F o u r  12-Bi t  PHA words  

One 12-Bit  Rate  word 

F o u r  1 2  -Bi t  P H A  words  

One 12-Bi t  Ra te  word 

F o u r  12-Bi t  PHA words  

One 12 -Bi t  Rate word 



MAG Data (Bi t s  549- 1088) 

Only L F M  data  i s  output. The 12-bit  words  r e p r e s e n t  a v e r a g e s  
f o r  s a m p l e s  taken f r o m  a l l  axes  of both p r i m a r y  (P) and secondary  
(S) L F M s  e v e r y  60 m s  s t a r t ing  a t  to = 10 nls .  Two s a ~ ~ l p l e s  a r e  
a v e r a g e d  f o r  P L F M  and 4 fo r  SLFM.  The readout  o r d e r  i s  alw-ays 
X,  Y, and Z.  The M F  data  content  i s  shou-n in Table 5- 11. 

Table 5 -  11. Mag Data 

5 .2 .9  L E C P  Data (Bi ts  1089-1168) 

CR-2 Bi t s  

549 - 584 

585-620 

621 -656::: 

657-692 

6931728 

729-764 

765-800 

801-836 

837-872 

873 -908 

909-944 

1 945-980 

981-1016 

1017-1052 

1053-1088 
7 

The L E C P  d a t a  m i x  is 2 : l  PHA to R a t e l s t a t u s .  A PHA b u r s t  of 
f o u r  words  i s  sampled  e v e r y  0 . 9  s  s t a r t ing  a t  t  = 0.075 s .  The 
four  P H A  words  output c h a r a c t e r i z e  one PHA event .  R a t e l s t a t u s  
d a t a  i s  a l s o  sampled  in four  word b u r s t s  a t  one b u r s t  e v e r y  1 . 8 s 
s t a r t ing  a t  t  = 0. 7075 s .  The R a t e l s t a t u s  readout  sequence length 
i s  200 b u r s t s  o r  800 words  and r e p e a t s  e v e r y  300 M F s  (7-1 /2  counts 
of SCT60).  R a t e l s t a t u s  b u r s t  1 of 200 i s  the f i r s t  R a t e l s t a t u s  group 
output in CR-2 M F  1 when SCT60 = 0. All L E C P  words a r e  10-bit .  
The sequence of P H A  and R a t e l s t a t u s  words  r e p e a t s  e v e r y  3 M F s  
a s  shown in Table 5-12.  

:#MAG Sta tus  Word 1 ,  sampled  a t  t  = 45. 0 m s  of M F 1  x 8 ,  
r e p l a c e s  the f i r s t  S L F M  Z-axis  d a t a  a v e r a g e  (b i ts  645-656) 
in  e a c h  M F 1  x 8. 

Func tion 

P L F M  

P L F M  

S L F M  

P L F M  

P L F M  

S L F M  

P L F M  

P L F M  

S L F M  

P L F M  

P L F M  

S L F M  

P L F M  

P L F M  

S L F M  

Line N u m b e r s  of Samples  Averaged 

L1 and L2 of 20 

L 3  and L4 of 20 

Ll  through L-l of L O  

L5 and L6 of 20 

L7 and L8 of 20 

L5 through L8 of 20 

L9 and Ll  0 of 2 0 

L I 1  andLl2  of 20 

L9 through Ll 2 of 2 0 

i1 3 and L1-l of 20 

L15 and L16 of 20 

L13 through L16 of 20 

L17 and L18 of 20 

L19 and L20 of 20 

L17 through L20 of 20 



Table 5-12. L E C P  Data 

PRA data is sampled and processed exactly as  in GS-3 (one snap- 
shot, equivalent to a 200-word PRA scan, every 6 s ) .  Each PRA 
snapshot is output in five consecutive MFs.  The two status words 
a r e  output f i r s t  followed by 38 data words in MF 1 .  The next four 
MFs each have 40 data words. 

5.2. 11 PPS Data (Bits 1489-1536) 

8 

PPS data is sampled and processed exactly a s  in GS-3. A 24-bit 
sample, consisting of a 4-bit exponent, a 10-bit mantissa, and 
10 bits of status in sequence, is  taken every 600 ms.  

1 

(To be supplied when developed. ) 

3 2 

(To be supplied when developed. ) 

R / S  R./S R. /S R / S  1 of 3 

(To be supplied when de.veloped. ) 

4 

P H A  PHA P H A  P H A  

2 of 3 

3 of 3 

5 

P H A  P H A  PHA P H A  P H A  PHA P H A  p H A  
I 

R / S  R / S  R / S  R / S  1 P H A  PHA P H A  PHA 

5.2. 10 PR.A Data (Bits 1169- 1488) 

6 7 



Data Content 

The CR-6 format  includes measurements  for  the following 
inst ruments :  

CRS PWS P P S  UVS 

PRA LECP PLS  MAG 

This format  a l so  contains SIC engineering and S /C time 

* 5. 6. 2 CR - 6 F r a m e  Structure  

F igure  5-3 shows one minor  f r a m e  (MF) of CR-6 data. As indicated 
one M F  compr ises  a t ime period of 1 9 .  2 seconds with a f r a m e  
length of 1,  536 b i t s .  This information i s  t ransmit ted a t  a data 
ra te  of 80 bps .  

* Figure  5-3. One Minor F r a m e  CR-6 Data 

I 
The CR-6 minor f r a m e  t ime of 19. 2 seconds i s  equal to 320 line 
counts. This r e su l t s  in five minor f r a m e s  every  96 s (two counts 
of MOD 60) and 150 minor f r a m e s  per cycle of the MOD 60 Counter.  
One revolution of the MOD 60 Counter is also the CR-6 major  
f r a m e  t ime;  therefore ,  a l l  data types will have an  integer number 
of f r a m e s  eve ry  major  f r ame  o r  150 minor f r ames .  

5. 6. 3 F r a m e  Synchronization and Time (Bi ts  1 - 32, 4 1-64) 

F r a m e  and t ime identification description i s  delineated in Section 3 
of this document. 

- 

HEADER 

(64) 

5. 6 .4  F o r m a t  Identification (Bi ts  3 3-40) 

F o r m a t  identification word f o r  CR-6 i s  shown in paragraph 3 .  1 . 2  
of this  document. 

ENGR 

(1 92) 

5. 6. 5 Engineering (Bi ts  6 5-256) 

The engineering s t ruc ture  i s  identical to the C R - 4 0  mode. 
The minor f r ame  t ime i s  48 s and the major  f r ame  t ime i s  
48 m .  This makes  the MOD 60 Counter equal to an engineering 

SUBCOM 

(30) 

MAG 

(1 14) 

SCIENCE 
SUBCOM 

(120) 

PLS 

(312) 

CRS 

(384) 

1 

LECP 

(320) 



minor  f r ame  counter.  It can  be used d i rec t ly  fo r  engineering 
decommutation. 

Line count in the engineering header  will always read one since the 
minor  f r a m e  t ime i s  equal to the line count cycle t ime .  Engineer-  
ing data will be imbedded a s  follows: 

Engineering Engineering 
CR-6 M F  Word M F  

Subcom (Bits 257-286) 

The CR-6 subcom contains both command s ta tus  and inst rument  
s ta tus  information a s  descr ibed  below. 

* 5 . 6 . 6 .  1 Subconl-Command (Bits 257-272) 

The CR-6 command subcom i s  compr ised  of the commands shown 
in Table 5-13. 

Subcom-Status (Bits 273-286) 

The CR -6 s ta tus  subcom is  compr ised  of the inst rument  s ta tus  infor - 
nlation shown in Table 5-  14. Details of the CRS Status word sampling 
included in this field a r e  shown in Table 5- 15. 

5 .6 .  7 h lAG Data (Bits 287-400)  

h1AG data i s  processed using a  2-bit delta modulation algori thm.  
This algorithnl i s  detailed in MJS77-3-270. This resu l t s  in 20 del ta  
~ ~ l o d u l a t o r  (DM) samples  for the p r imary  LFM (a  2-bit DM fo r  each 
a s i s  o r  b bits per  sample) ,  ten DM samples  for  secondary LFM,  
one 12-bit pr inlary re fe rence ,  and one 12-bit secondary re fe rence .  
The Dhl output i s  the s a m e  every  minor  f r a m e ;  however ,  i t  takes  
th ree  AIFs to conlplete the reference readout since there  a r e  a  total  
of s i s  re fe rence  s a n ~ p l e s  ( three each for  two MAGS). MAG Reset  
is  sent every  288 seconds which i s  five cycles of the LFM secondary 
algorithnl.  

5-17 
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a Table 5 -  13. CR-6 Subcom Command Data 

=fC Table new this issue (Amendment B, 8 Apri l  1977) 

Func t ion 

PRA Mode Command 

PRA Configuration Command 

PWS Level Control  Command 

P P S  Set DataICount Control  

L E C P  Ser ia l  Command 

CRS Ser ia l  Command 

MAG Ser i a l  Command 1 

MAG Ser ia l  Command 2 

UVS ModeIHigh Voltage Control  

PLS Se r i a l  Command 

C R - 6 M F  
( ~ 1 0 )  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

SCT60 
MOD 4 

0 

1 

2 

3 



A*Table 5-14. CR-6 Subcom Status Data 

a Table new this issue (Amendment B, 8 April  1977) 

TLbl BITS - 286 
F 
I 1 I l l  I I I I I I I 

1 0  1 MAG STATUS WORD 1 

I 
2 

3 

I 

5 

U = UVS READOUT FLAG 
P = PLS INTEGRATION TIME 

S 

S 

2 6 

S MAG STATUS WORD 2 

7 

8 

S 1  FDS CMD COCJNT 
, 

1s t  CCS COMMAND RECEIVED 

3 

S 

S 

S 

S 

S 

S 

s 

S 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 
7 

9 

S 

S 

S 

S 

S 

S 

S 

S 

v 

S 

S 

S 

4 1 1  

S 

S 

12 

13 

14 

I 
I 

15 

S = SPARE BIT 

CRS STATUS WORD 

CRS STATUS WORD 
I 
I 

S l  CRS STATUS WORD 
I 

PWS 
I 1 

S r 
1 I I 1 I I 

(INDETERMINATE) 

~ S U P S S  
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% Table  5-15.  C R - 6  Subcom Sta tus  Data - CRS Sta tus  Words  

a Table  new th i s  i s s u e  (Amendment  B, 8 A p r i l  1977 )  

r 

CRS 
Status  
Word 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

1 2  

13 

14 

Subcom 
Sta tus  

Posi t ion 

12 

13 

14 

12 

1 3  

14 

12 

1 3  

14 

12 

1 3  

1 4  

12 

13 

1 4  

S C T ~ O  
MOD30 

4 

4 

5 

10 

10 

11 

16 

16 

17 

2 2 

22 

23 

2 8 

28 

29 

Output 

MF 
( ~ 7 5  

12 

13  

1 4  

2 7 

2 8 

2 9 

42 

4 3 

4 4 

5 7 

58 

5 9 

7 2 

7 3 

74 

1 

S C T ~ O  
MOD30 

0 

2 

4 

6 

8 

10 

12 

1 4  

16 

18 

20 

22 

2 4 

26 

2 8 

Sampling 

MF 
(x75 ) 

1 

6 

11 

16 

21 

2 6 

31 

36 

4 1 

4 6 

51 

5 6 

6 1 

6 6 

71  
1 



?k 5.6.8 Science Subcom (Bits 401 -520) 

The science subcom contains UVS, PWS, PPS and PRA data,  a s  
shown in Figure 5-4. It is  based on a 75-MF (24 min) complete 
cycle time. The science data provided for  each instrument is  
described below. 

% 5.6.8.  1 Science Subcom-UVS Data 

Two snapshots a r e  taken every 12 minutes.  The data f rom each snap- 
shot is  output in 11 consecutive MFs. Each 3. 84 s snapshot consis ts  
of 64 diode pair samples  taken every 60 ms .  The data consis ts  of 
two 16-bit words which a r e  log-compressed s o  that the data is  s tored 
a s  two 10-bit words.  The UVS data vs. CR-6 M F  readout is shown 
in Table 5-16. 

:/:5. 6. 8. 2 Scieiice Subcom-PWS Data 

A PWS data scan  is  repeated every  96 s .  The data i s  output in eight 
consecutive MFs twice in a 75-MF sequence. Table 5-17 shows the 
PWS data vs. CR-6 MF readout. I 

' ,35.6.8.3 Science Subcom-PPS Data 

One PPS sample is  taken eve ry  36 s. Each data word received f r o m  
the I'PS has 30 bits and takes 24 bits in the output data. 20-bit count 
values a r e  log-compressed by the FDS to a 14-bit word which consis ts  
of a 4-bit exponent followed by a 1 0-bit mantissa.  These 14 bits art: 
followed by 10 bits of status to make up the 24 bits of PPS  data in 
each MF. Table 5-18 shows the PWS data vs. CR-6 MF readout. 

>1:5.6.8.4 Science Subcom-PRA Data 

A 200-word PRA scan is  taken every  37-112 MFs (12 min). A corn- 
plete P R A  scan sequence takes 5 1 .2  h. A l l  s tatus and data words a r e  
8-bit bytes. The f i r s t  two data bytes a r e  overlaid by s tatus  bytes and 
do not appear in the data. Table 5-19 shows the PRA data vs. CR-61 
MF readout. 

:k5.6. 8. 5 Science Subcom-Filler Data 

The 120-bit science subcom field contains no valid data in MI? 75 
(line count = 481). 



NOTE: SHADING INDICATES SPARE BITS. 

SCT6O 
MOD 30 

w 

0, 1 

2,3 

4, 5 

6, 7 

8,9 

10.11 

12.13 

14,15 

16,17 

18.19 

20,21 

22,23 

24,25 

26,27 

28,29 

Figure  5-4. CR-6 Science Subcom Data 

F igure  new this issue (Amendment B, 8 April  1977) 

MF 

O+n 

5 + n  

10+ n 

15+ n 

20+ n 

25+ n 

30+ n 

35+ n 

40 + n 

45 + n 

50+ n 

55 + n 

60+ n 

65 + n 

70+ n 

SCT6O 

EVEN I ODD 

n 

3 

U VS 

PRA 

PPS 

PWS 

U VS 

4 1 5 2 

PPS 

PRA 

PPS 

PWS 



Table 5-16. UVS Science Subcom Data 

* Table new this issue (Amendment B, 8 April  1977) 

Function 

Dl, D29 - 9  Dg9 D10 

D119 D l 2 .  D13 9 9 Dal 9 

D239 D 2 4 9  D Z 5 9  D269 * ,  D339 D34 

D959 D969 Dg79 Dg8s * ,  D l o 5 9  Dlo6 

D 1 ~ 7  9 D108 D1~9 D1l~ 9 Dll7, 

Dll9, . . . . , Dla6, 40 F i l l e r  B i t s  

- 

r 

CR-6 MF 
( ~ 7 5  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

38 

39 

40 

4 1 

42 

4 3 

44 

45 

46 

47 

4 8 



m 
C, 
.,-I 
Pa 

(d 
C, 
cd 

I 
m o  
r l c u  
m ln  

I 

m m  

I 
t - - f  
Cno 
3 In 

I 
-63 a m  
f f  

I 
r l c o  
cOco 
f f 

I 
m o  
t-co 
f f  

I 
m a  
\ O h  
f t 

I 
f 
m \D 
f f  

A- 
f L n  
# #  

I 
r l c 0  
#f 
22 

I 
(?O 
O f  
22 

I 
n c u  
cum 
#f 

1 
t - f  
r l c u  
f f  

I 

0 rrl 
# 3. 

I 

0 0 
;tf 

CI 

u 

0 0 
\Dm 

B 8 
m E 

w ~ - m \ ~ z r r n m a  
rl rl rl Ti 

t - - ~ \ g t r n n a ( ~  
rl rl 4 rl 

l n \ O c t I r \ m f ( U V l  
rl rl rl rl 

w f ~ n r n f c u m r l  
rl rl 4 rl 

c f m m c u m r l ( ~  
rl 4 rl rl 

L n m c t C U m r l C U o  
rl rl t i  rl 

O f  C U m r l ( U 0 r l  
rl rl rl rl 

c t c u m r l c u o r l m  
rl rl rl 

c u m r l c u o r l m c o  
rl rl rl 

O r l C U O r l r n c O V )  
rl rl rl 

~ ( U O r l O \ a O \ D P - -  
rl ti 

c u o r l r n c o \ ~ t - m  
rl rl rl 

o r l m a u l t - m w  
rl rl rl 

r l 0 \ l a \ O P - - l n \ D f  
rl rl rl 

O \ a D w + m \ D t L n  
rl rl 4 

O d c u O f l n W t -  

rl 
rl 

a, 
k 
cd 

?i' 
LO 
a, 

- 9  
cd 
0 

.rl 
d 
c 

a d  

X 

cn 
k 
al 

d 

k 
a, 
9 
rl 
.rl 
(H 

a, 
k 
cd 

0) 
a, 

.rl 
k 
9 
c 
a, 

a, 
r l  
P 

c u r n r l ( ~ o ~ ~ n ~  
ti rl rl 

m r l c y o r l m c ~  X X  
rl rl 

r l ( U O r l C n c O 6 3 t -  
rl rl rl 

c u o r l ~ n c ~ \ ~ ~ - - m  
rl ti rl 

o r l ~ n c 0 ~ 3 t - m \ 0  
4 4 rl 

r l O \ Q \ O t - m \ D f  
rl rl rl 

C n c O V 3 C - - L n \ O f  m 
rl rl rl 

a \ D t - I n V ) 3 I n m  
rl rl rl rl 

w t - m \ D f m m - = t  
rl rl rl rl 

P - - m w z r m m f  (U 
rl rl rl rl 

m \ D f  n m f  CUm 
rl rl rl ti 

\ ~ f m m c t c u m r l  
rl rl rl rl 

2 r m m f c v m t i C U  
rl rl rl rl 

m m f C U m r l ( U 0  
rl rl rl rl 

n t C U m r l C U o r l  
rl rl rl rl 

cd 
E-l 

. . 
a, 
f, 
0 
2 

X 

x 
- 

x 

X 

X 

x 

x 

, 

a 

- 
w 
rl 

CU 
rl 

, 

Cn 
(U 

\D 
CU 

O 
rl 

f O O m O O m m m \ O \ D \ D t - t - t - P - - t -  

# 
rl 

t- 
CU 

t - t - - C n o r l C U m M  

cD 
CU 



:$Table 5-18. PPS Science SubcomData 

 able new this issue (Amendment B, 8 April 1977)  

5-25 

- 

CR-6 
MI 

27 

28 

29 

6 3 

64 

I 
-- 

6 5 

S C T ~ O  
MOD30 

10 

10 

11 

24 

--- 

25 

2 5 

LC 

1 

- 
641 

161 

. 
641 

4 

161 

- 
481 

at 25 I . 

. 
1 26 

Bits 

425-448 
449-472 
473-496 
497-570 
401-424 
425-228 
449-472 
473-496 
497-520 
401-424 
425-448 
449-472 
473-496 
497-520 
Lol-424 
425-448 
449-472 
473-496 
497-520 
401-424 
425-448 
449-472 
473-496 
497-520 
401-424 
425-448 
449-472 
473-496 

10 

PPS 
Data 

Sample No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
1 4  
15 
16 
17 
18 
19 
20 
2 1 
22 
2 3 
24 
25 
26 * 

2 7 
2 8 

497-520 401-424 
425-448 
449-472 
473-496 
497-520 
401-424 

27 

29 30 
31 
32 
33 
34 
3 5 

425-448 
4 49-472 
473-496 
497-520 
401-424 

1 

36 
37 
38 
39 
4 0 10 321 
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$Table 5 - 19. P R A  Science  Subcom Data 

Table new th i s  i s s u e  (Amendment  B, 8 A p r i l  1977)  

5 -26 

A 

B i t s  

401-408 

409-416 

417-424 

425-432 

433-440 

441-448 

449-456 

457-464 

465-472 

473-480 

481-488 

489-496 

497-504 

505-512 

513-520 

Note: SW1 and SW2 a r e  PRA Status  Words 1 and 2 ,  respect ively .  

I 

24, 
61 

181 

182 

183 

184 

185 

186 

189 

188 

189 

190 

191 

192 

193 

194 

195 

25, 
62 

196 

197 

198 

199 

200 

I h 

m a, 
B +' 
H Ld .s w e  % a, n +' 
m a, a 
0 6 
CO - H 

22, 
59 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

23, 
60 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

1.80 

20, 
57 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

21, 
58 

136 

137 

138 

139 

140 

144 

142 

143 

144 

145 

196 

149 

1-48 

149 

150 

MF 

18,  
55 

91 

92 

93 

94 

98 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

17,  
54 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

89 

88 

89 

90 

(x75) 

19,  
56 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

15,  
52 

46 

47 

68 

69 

50 

57 

52 

53 

54 

55 

56 

57 

58 

59 

60 

14,  
51 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

12,  
49 

SWI 

SW2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

1 2  

1 3  

14 

15 

16,  
53 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

13,  
50 

1 6  

17 

18 

1 9  

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



JIG-5.6.9 PLS Data (Bits  521-832) 

A complete PLS scan takes 384 s (20 MFs  o r  eight counts of the 
SCThO counter).  This consis ts  of two basic 192 s (10 MF)  scans .  
However, in the odd ( M F  11-20 x 20) scan, M-mode sampling i s  
norrrlally delayed. The data output vs .  M F  i s  shown in Table 5-20. 
Each s tatus  word, M- Star t  Word, o r  data sample i s  an  8- bit byte; 
each M F  contains 39 bytes. Group numbers  (n)  have a z-range from, 
1 to 128 for  M data and f rom 1 to 16 for E l ,  L, and E2 data.  

The CRS operates  on a 24-minute complete cycle t ime.  During this  
t ime the CRS outpus 480 12-bit Rate words and 480 burs t s  of four 
12-bit PHA words.  The Rate and PHA words a r e  both 12-bit words.  
32 of these  words a r e  packed into the 384-bit CRS data field of each 
MF. The pat tern of Rate and PHA words repeats  every  5 MFs  
(192 s )  a s  shown in Table 5-21. 

'tSL?5.6.11 LECP Data (Bits  1217-1536) 

Burs ts  of four word ga tes  acquire  four 10- bit data words each; these 
40 bits a r e  four 10-bit Ratels tatus  (R/S)  data words o r  five 8-bit  PH.A 
(and ID) words.  The PHA word Gate burs t  frequency i s  twice the R/S 
word Gate burs t  frequency. A complete cycle through the ~ a t e / S t a t u s  
comrnand tables takes 24 minutes.  Each M F  has  320 bits of data, 
consisting of the data samples  obtained by the eight PHA and R/S 
word Gate burs t s ,  each of which acquires  40 bits of LECP data. 
Table 5- 22 shows the LECP data output vs .  MF. 



Tab le  5-20.  PLS Data 

& Table new this issue (Amendment B, 8 April 1977) 

Note: d = M S t a r t  Word i n  use  + 3. 

Byte 
Count 

1 
16 
1 

21 

3 9 

4 
1 

16 
1 
1 
1 

15  

39 

3 9 

39 

39 

3 9 

3 9 

3 9 

SCT~O-MOD 4 When Sampled 

Data Bytes 

El  S t a t u s  
El    DO^), E l  ( ~ 0 2 )  ,. . . , E l  ( ~ 1 6 )  
L S t a t u s  
L ( A o ~ ) ,  L ( B o ~ ) ,  ..., ~ ( ~ 0 6 )  

~ ( ~ 0 6 1 ,  L ( c o ~ ) ,  . . . , ~ ( ~ 1 5 )  

~ ( ~ 1 6 ) ,  ~ ( ~ 1 6 ) ,  . . . , ~ ( ~ 1 6 )  
E2 S t a t u s  
~ 2 ( ~ 0 1 ) ,  ~ 2 ( ~ 0 2 ) ,  . . . , ~ 2 ( ~ 1 6 )  
M S t a r t  Word - 1 
M S t a r t  Word - 2 
M S t a t u s  
M(Al+d), M ( ~ l + d ) ,  . . . , M ( c ~ + D )  

M ( ~ 6 + d ) ,  M (  B6+d), . . . ,M(c18+d) 

M ( ~ l g + d )  , M(B19+d), . . . ,M(c3l+d) 

M(A32+d), ~ ( ~ 3 2 + d ) ,  . . . ,M(~bk+d) 

M(A45+d), M(B45+d), . . . , ~ ( ~ 5 7 + d )  

M ( ~ 5 8 + d ) ,  M(B58+d), . . . , M ( c ~ o + ~ )  

M(A7l+d), ~ ( ~ 7 1 + d ) ,  . . . ,M(C83+d) 

M( ~ 8 4 + d )  , M(B84+d), . . . ,M( ~ 9 6 + d )  

I 

SCTSO 
MaD 4 

0 

o 
o 

1 

1 

2 

2 

2 

3 

3 

Shor t  
I n t e g r a t i o n  

Previous 1 
Previous 1 
Previous 2 

Previous 3 
Previous 3 
Current  0 

1 
Previous 0 

7 

CR-6 
MF 

( ~ 1 0  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

Long 
I n t e g r a t i o n  

Previous 2 
Previous 2 
Previous 3 

Current 0 
1 
I 

Previous 0 or  
Current 1 

t 
Previous 0-1 

Previous 0-1 

Previous 1 

Previous 1-2 

Previous 1-2 



*  able 5-2 1 .  CRS Data 

I Sampling Time  ( s )  I 

CR-6 MF 
Bits 

833-844 

845-856 

857-868 

869-880 

881-892 

893-904 

905-916 

917-928 

929-940 

941-952 

953-964 

965-976 

1145-1156 

1157-1168 

1169-1180 

1181-1192 

1193-1204 

1205-1216 

Notes : 

1. ' R '  i n d i c a t e s  Rate Data. 

2. Bracketed 14-word {Troups are t h e  4 PHA words f o r  1 PHA event. 

3. S m ~ p l e  tittles are  I'r.om t when ( S C T ~ O ) ~ ~ ~ ~  becomes 0. 
O 

- -  - 

;;k; Table new this issue (Amendment B, 8 Apri l  1977) 



* Table 5 - 2 2 .  LECP Data 

Table new this issue (Amendment B, 8April 1977) 

MF 
( ~ 3  > 

1 

I 
2 

3 

I 
L 

Output 

B i t s  

1217-1256 

1257-1296 

1297-1336 

1337-1376 

1377-1416 

1417-1456 

1457-1496 

1497-1536 

1217-1256 

1257-1296 

1297-13 36 

1337-1376 

1377-1416 

1417-1.456 

1457-1496 

1497-1536 

1217-1256 

1257-1296 

1297-1336 

1337-1376 
1377-1416 

1417-1456 

1457-1496 

1497-1536 
- 

Sample 
Type 

PHA 

R/S 

PHA 

PHA 

R/S 

PHA 

PHA 

R / S  

PHA 

PH A 

R/S 

PHA 

PKA 

R/S 

PHA 

PHA 

R/S 

PHA 

PHA 

R/S 

PI?? 

PHA 

R/S 

P ~ A  

D s t  a 

First 

MF 
( ~ 3  

1 

I 
2 

1 
3 

1 

Sample Time 

t o  + 

( s )  

0.0275 

0.0875 

3.6275 

'7 * 2275 

7.2875 
10.8275 

14.4275 

14.4875 

18.0275 

2.4275 

2.4875 

6.0275 

9 -6275 

9.6875 

13.2275 

16.8275 

16.8875 

20.4275 

4.8275 

4.8875 

8.4275 

12.0275 

12.0875 

15.6275 



*5.7 CR-7 

A t  the present  t ime,  the Project  has  no plans to develop this format .  

a 5 . 8  CR-8 

At the present  t ime ,  the Project  has  no plans to develop this format .  

&5.9 CR-9 

A t  the present  t ime,  the Pro jec t  has  no plans to develop this format .  



ENCOUNTER GENERAL SCIENCE DATA FORMATS 

G e n e r a l  Science  and Eng inee r ing  F o r m a t  (GS- 3 )  

The GS-3 f o r m a t  i s  used dur ing  encoun te r  t o  a c q u i r e  g e n e r a l  
s c i e n c e  d a t a  i n  r e a l  t i m e  when imaging d a t a  i s  not being a c q u i r e d .  

D a t a  Content  

The  GS-3 f o r m a t  inc ludes  m e a s u r e m e n t s  f o r  the  following 
i n s t r u m e n t s :  

CR S PWS P P S  UVS MIRIS 

P R A  L E C P  P L S  MAG 

This  f o r m a t  a l s o  conta ins  S I C  eng inee r ing  d a t a  using the encoun te r  
f o r m a t  and S I C  t i m e .  

* 6 . 1 . 2  - GS- 3  F r L m e  S t r u c t u r e  

F i g u r e  6  - 1 shows  one M F  of GS-3 da ta .  A s  indica ted  one M F  
c o m p r i s e s  a  t i m e  per iod  of 0 .  6  s  with a  f r a m e  le'ngth of 21 60 b i t s .  

k 0.6 s 11n ~ c c  I I ~ I E C \  (COMBINED WITH 2160 BITS OF GOLAY CODE C( 

FSC 

(32) 

, ' V  ma., ,.,,.,.a, 
FOR 7200 bps) 

F i g u r e  6-1. One M i n o r  F r a m e  of GS-3 Data 

(8) 

This  r e s u l t s  i n  a n  o v e r a l l  d a t a  r a t e  of 3600 b p s .  T h i s  in fo rmat ion  
i s  Golay  coded and t r a n s m i t t e d  a t  a  b i t  r a t e  of 7200 bps.  One MI? I 
c o v e r s  10 ISS l i n e s .  Since t h e r e  a r e  800 ISS l ines  p e r  p ic tu re  
(48  s ) ,  t h e r e  a r e  80 GS-3 M F s  p e r  48 s .  A m a j o r  f r a m e  is defined 
a s  80 M F s  (800 l ine  c o u n t s ) .  A m a j o r  f r a m e  s t a r t  is indica ted  b y  
a one count in  l ine  count field. The  following sec t ions  d e s c r i b e  
e a c h  d a t a  f ield of the GS-3 f r a m e .  

6 .  1 .  2 .  1  F r a m e  Synchroniza t ion  a n d  T i m e  ( B i t s  1-32,  4 1-64) .  F r a m e  
and t i m e  identif icat ion d e s c r i p t i o n  is de l inea ted  i n  Sec t ion  3 of 

zyN:ER 
(8) 

t h i s  document .  

(6) 

LINE 
cCOUNT 

(10) 

SUBCOM 

(48) 

ENGRG 

(24) 

LECP 

(360) 

MG 

(450) 

FILLER 

(2) 

CRS 

(156) 

PRA 

(160) 

~ 1 ~ 1 s  

(672) 

PPS 

(24) 

uvs 

(200) 



* 6.  1. 2. 2 Fo rmat  Identification (Bits  33-40). Format  identification word 
I for GS-3 i s  shown in paragraph 3 .1 .2  of this document. 

I 
6. 1. 2.  3 Subcom (Bits 65-112). Subcom data is  provided in a 48-bit field 

The major  f r a m e  (80 minor f r a m e s )  is  subcommutated a s  shown 
in Table 6-1 to t ransmi t  instrument commands, status (LSS and 
non-ISS), PLS, and PWS data. This field is used to t ransmi t  sub- 
c ommuta ted data a s  follows. 

6. 1 .  2. 3. 1 Subcom-Status. The GS-3 major  f rame is  composed of 80 MFs. Of 
I these 80 MFs ,  16 48-bit fields have been assigned to status as  shown 

in Table 6-1. This status consists of ISS status and non-ISS status.  
The data content of these fields i s  shown in Table 6-2. 

I# 6.1.2.3.2 Subcom-PLS Data. The GS-3 major  f r ame  has 32 48-bit fields 
assigned to PLS science data a s  shown by Table 6-1. The data 
sampled in these fields i s  shown in Table 6-3. Figure 6-19 provides 
additional detail  of the data sampling and FDS processing. A PLS 
sequence scan  resul ts  in 384 8-bit words outputted every 96 s .  The 
data i s  divided into the following types: 

Mode Number of 8-bit Words in Format  

M 288 (4 groups of 72 each) 

The bottom line of Figure 6-19 shows the relationship of t ime in sec-  
onds to the data sequence sampling. The top three l ines show the 
relatienship of status words,  command words,  and data words to 
MFs.  . . Between the top three l ines and bottom line i s  the FDS pro- 
cessing. Processing for E l ,  L: and E2 data sequences i s  d i rec t  a s  
shown with 16, 64, and 16 words being sampled and output. P ro -  
cessing of M data involves a truncation process .  On every other 
ma jo r  f rame (48 s ) ,  128 readings a r e  taken on four sensor s ,  totaling 
512 words.  When the 2nd LSB of the MOD 60 count i s  even the data 
f r o m  readings 1 through 72 a r e  transmitted. When the 2nd LSB of 
the MOD 60 count i s  odd the data f rom readings 57 through 128 a r e  
t ransmit ted.  Since the scan i s  96 s long, both MOD 60 Count and 
Line Count must  be used for decommutation. Commands a r e  t rans-  
f e r r ed  to the PLS 2 . 5  m s  pr ior  to the f i r s t  sample,  a s  shown in 
Figure 6-19. 
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 able 6-1. GS-3  S u b c o r n  D a t a  

GS-3 
M F  

27 

28 

29 

3 0 

3 1 

3 2 

3 3 

3 4 

35 

36 

37 

38 

3 9 

40 

4 1 

4 2 

43  

44 

45 

46 

47 

48  

4 9 

5 0 

5 1 

5 2 

5 3 

L i n e  
C o u n t  

261 

2 7 1 

281 

291 

301 

31 1 

32 1 

33 1 

341 

351 

361 

3 7 1 

38 1 

391 

401  

41 1 

42 1 

431  

441 

451 

4 6 1 

4 7 1 

481  

491  

501 

51 1 

52 1 

S u b c o m  
C o n t e n t s  

P W S  

PLS 

P W S  

P L S  

P W S  

PLS 

P W S  

S t a t u s  

S t a t u s  

PLS 

P W S  

PLS 

P W S  

PLS 

P W S  

P L S  

P W S  

S t a t u s  

S t a t u s  

PLS 

P W S  

PLS 

P W S  

PLS 

P W S  

PLS 

P W S  

GS-3 
M F  

5 4 

55 

56 

57 

58  

5 9 

60 

6 1 

6 2 

63  

6 4 

6 5  

66 

67  

6 8 

6 9 

7 0 

7 1 

7 2 

7 3 

7 4 

75 

76 

7 7 

7 8 

7 9 

8 0  
7 

S u b c o m  
C o n t e n t s  

PLS 

P W S  

PLS 

P W S  

S t a t u s  

S t a t u s  

PLS 

P W S  

P L S  

P W S  

PLS 

P W S  

P L S  

P W S  

S t a t u s  

S t a t u s  

PLS 

P W S  

PLS 

P W S  

P L S  

P W S  

PLS 

P W S  

S t a t u s  

S t a t u s  

PLS 

L i n e  
C o u n t  

531 

54 1 

55 1 

56 1 

57 1 

58 1 

59 1 

60 1 

61 1 

62 1 

63  1 

64 1 

65  1 

66 1 

67 1 

68 1 

69 1 

70 1 

71 1 

72 1 

73 1 

74 1 

751 

76 1 

77 1 

78 1 

79 1 



MJS77-3-280 B 

A 15 Table 6-2. GS-3 Subcorn Status Data ( shee t  1 of b )  

I GS-3 
M F  

1 

MOD 
60 

- 

Line 
Count 

1 

Bit 
No. 

65  

66-80 

81-96 

97- 101 

102 

103 

104- 108 

109- 11 2 

Function 

ISS Status 

C a m e r a  ID: "0" = WA, "1" = NA. 

Shut tered P i c tu r e  Indicator: All ones indicate 
shu t te red  pic ture .  All  z e r o s  indicate no 
shut ter ing.  

Slow Scan Status.  

Spa re  (bits  = "0") 

NA Elec t ron ics  Ca l  Status: "1" = ON, 
"0" = O F F  

WA Elec t ron ics  C a l  Status:  "1" = ON 
"0" = O F F  

Actual  Exposure  Time: This word identif ies the 
number  that co r r e sponds  to a n  exposure  t ime 
and the c a m e r a  used during the p r e p a r e  cycle .  
Bit 104 i s  MSB. This  word does  not indicate 
long exposures .  

Actual  F i l t e r  Posit ion:  4-bit word indicates  the 
f i l t e r  wheel  position fo r  p ic ture  being r ead  out 
a s  shown in the following table. Bit 112 i s  odd 
pari ty.  

F i l t e r  
Posit ion 

1 

2 

3 

4 

5 

6 

7 

8 
1 

Bit No. 
109 110 111 112 

- 

0 0 1 0  

0 1 0 0  

0 1 1 1  

1 0 0 0  

1 0 1 1  

1 1 0 1  

1 1 1 0  

0 0 0 1  



MJS77-3-280 B 

h 8 Ta.ble 6-2. GS-3 Subcom Status Data (sheet 2 of 6) 

1 

Func t ion 

Picture Count: Count i s  incremented once for 
each shuttered picture and i s  rese t  only by 
command f rom CCS. 

Parameter  Word A: Present  value a s  used in 
the current  ISS frame.  

Spare (bits = "0") 

Parameter  A Indicator Bits: Indicator bits 
used in the current  ISS frame.  

Spare (bits = "0") 

Parameter  Word A Pointer: The address  in 
FDS memory where the next parameter  A word 
pair  is  stored. 

Parameter  Word B: Present  value used in 
current  ISS frame.  

Spare (bits = "0") 

Parameter  Word B Pointer: The address  in 
FDS memory where next parameter  B word 
i s  stored. 

Parameter  Word C: Present  value used in 
current  ISS frame.  

Spare (bits = "0") 

Parameter  Word C Pointer: The address  in 
FDS memory where next parameter  C word 
i s  stored. 

Parameter  Word D: Present  values used in 
current  ISS frame.  

Spare (bits = "0") 

Parameter  D Indicator Bits: Indicator bits used 
in current  ISS frame.  

Spare (bits = "0") 

Parameter  Word D Pointer: The address  in 
FDS memory where next parameter  word D is  
stored. 

ISS Analog Engineering Telemetry 

F i r s t  WA sample taken in previous ISS frame.  

F i r s t  NA sample taken in previous LSS frame.  

Bit 
No. 

65-80 

81-96 

97-98 

99- 112 

65-66 

67-80 

81-96 

97-98 

99-112 

65-80 

81-82 

83-96 

97 -112 

65-68 

69-80 

81-82 

83-96 

97- 112 

97-104 

105- 112 

GS-3 
MF 

2 

11 

12 

2 1 

MOD 
60 

- 

- 

- 

- 

Line 
Count 

11 

101 

1 1 1  

201 



I 

A++ Table 6-2. GS-3 Subcom Status Data (sheet  3 of 6 )  
* 

Function 

Second WA sample taken in previous ISS f r ame .  

Second NA sample taken in previous LSS f r ame .  

Third WA sample taken in previous ISS f r ame .  

Third NA sample taken in previous ISS f r ame .  

Four th  WA sample taken in previous ISS f rame.  

Fourth  NA sample taken in previous ISS f r ame .  

Fifth WA sample taken in previous ISS f r ame .  

Fifth NA sample taken in previous ISS f r ame .  

Pixel Average Status: A "1" indicates more  
than the minimum number  of pixels were  used 
in the pixel average calculation and the exposure 
time can be modified based on this average if 
in the auto exposure mode. A "0" indicates 
l e s s  than the minimum was used and the expo- 
s u r e  time cannot be modified based on this 
average.  

Pixel  Average: Is  based on a s u m  of the 5 
MSBs of a l l  pixels exceeding the programmed 
threshold of the c a m e r a  read out in the p re -  
vious ISS f r ame .  

ISS G1 Voltage 

"000" = Leas t  Negative G1 Voltage 
100 
010 
110 
001 
10 1 
01 1 

I '  11 1" = Most Negative G1 Voltage 

ISS Gain Status ("0" = Low gain, "1" = High Gain) 

FDS Destination Code 
5 WA Camera  
6 NA Camera  

Bit 
No. 

65-72 

73-80 

81-88 

89-96 

97- 104 

105- 11 2 

65-72 

73-80 

8 1-83 

84-88 

89-91 

9 2 

93-96 

Line 
Count 

211 

301 

GS-3 
M F  

22 

3 1 

MOD 
60 

- 

- 



A* Table 6-2. GS-3 Subcom Status Data (sheet 4 of 6)  

Function 

Non-ISS Status 

PPS Command (Set DataICount Control) 

MAG Command 1 

MAG Command 2 

LEC P Command (Configuration) 

UVS Command 

PLS M Command 

PLS E2 Status (defined by Figure 6-2) 

PLS M Status (defined by Figure 6-2)  

PLS L Command 

PLS El  Status (defined by Figure 6-2)  

PLS L Status (defined by Figure 6-2)  

PRA Mode Command 

PRA Configuration Command 

FDS Command Counter: Counts the number of 
12-bit FDS commands received during the 
previous 48 s. 

F i r s t  FDS command received in the previous 
48 s f rame.  

Spare (bits = "0") 

Second FDS command received in the previous 
48 s f rame.  

I Spare (bits = "0") 

Third FDS command received in the previous 
48 s frame.  

Spare (bits = "0") 



A* Table 6-2 .  GS-3 Subcom Status Data (sheet 5 of 6 )  

Function 

Fourth FDS command received in the previous 
48 s f r ame .  

Spare (bits = "0") 

Fifth FDS command received in the previous 
48 s f rame.  

Spare (bits = "0") 

Sixth FDS cominand received in the previous 
48 s frame.  

Spare (bits = "0") 

Seventh FDS command received in the previous 
48 s f rame.  

Spare (bits = "0") 

Eighth FDS command received in the previous 
48 s f rame.  

Spare (bits = "0") 

CRS Command 

CRS Status 0 (defined by Figure 6-3) 

CRS Status 1 (defined by Figure 6-4)  

CRS Status 2 (defined by Figure 6-5) 

CRS Status 3 (defined by Figure 6 -6 )  

CRS Status 8 (defined by Figure 6-1 1) 

CRS Status 9 (defined by Figure 6-12) 

CRS Status 10 (defined by Figure 6-13) 

CRS Status 1 1 (defined by Figure 6 - 14) 



A-* Table 6-2. GS-3 Subcom Status  Data ( shee t  6 of 6 )  

I 
Function 

CRS Status  4 (defined by F igu re  6-7) 

CRS Status  5 (defined by F igu re  6-8) 

CRS Status  6 (defined by F igu re  6-9) 

CRS Status  7 (defined by F igu re  6-10) 

CRS Status  12 (defined by F igu re  6-  15) 

CRS Status  13 (defined by F igu re  6-16) 

CRS Status  14 (defined by F igu re  6-17) 

CRSSta tu s  15 (defined by F i g u r e  6-18) 

Spa re  (bits  = "0") 

PWS Status  Word (defined by  F igure  6 -  l 9 a )  

MLR IS Command 

L E C P  Motor Step F l ag  

Spa re  (b i t s  = "0") 

L E C P  Mode 

F a r  Encounter  = "0" 
Near  Encounter = "1" 

GS-3 
M F  

7 1 

71 

72 

BIT 
97 98 

0 0 

0 1 

1 0 

Motor 
Step 

P e r i o d  

2 4  s 

48 s 

144 s 

MOD 
60 

Even 

Even  

Even  

Even  

Odd 

Odd 

Odd 

Odd 

- 

Line 
Count 

701 

701 

711 

Bit 
No. 

65-76 

77-88 

89- 100 

101-112 

65-76 

77-88 

89- 100 

101-112 

65-72 

73-80 

81-96 

97-98 

99- 11  1 

112 



BIT CONFIGURATION 1 
POWER O N  STATE 

DC RETURN CURRENT (REV. SUPPR.) 

SECONDARIES CALIBRATION 

PLASMA MEASUREMENT 

PLASMA MEASUREMENT MOD. OFF 

DC RETURN MEASUREMENT 

DC RETURN MEASUREMENT MOD. OFF 

i PLASMA REVERSE SUPPRESSION MODULATOR OFF 

CURRENT CALIBRATION 

MOCULATOR PICKUP MEASUREMENT 

MODULATOR VOLTAGE MONITOR 

:g F i g u r e  6-2. PLS Status W o r d s  - E2, M, E l ,  and L 



I 
DEVICE CODE BIT 1 

DEVICE CODE BIT 2 

DEVICE CODE 0000 NOTE 1: B I T S  10. 1 1 .  AND 12 ARE A 3 B I T  
COUNTER USED TO IDENTIFY 
CALI BRATION SEQUTNCE. 

DEVICE CODE BIT 3 

r DEVICE CODE 811 4 

Figure 6-3. CRS Status Word 0 ,  GAL and ~ i ~ h / ~ o w  Ga in  

UNUSED 

6 4 
0 I (Blr 01 ENAELE I UNUSED BIT 'O' HY ENABLE 1 HI GAIN = 1 HI GAIN = l NOTE 1 NOTE 1 NOTE 1 

NORMAL 0 HY OFF 0 LOW GAIN - 0 LOW GAIN = 0 

5 



DEVICE CODE 0001 

1 

F i g u r e  6-4. CRS Sta tus  Word 1, H E T  1 P r e a m p  

DEVICE CODE BIT I 
DEVKE CODE BIT 2 

I DEVICE C O N  011 3 

(BIT 0) 011 0) 011 - 01 011 = I) PWR OFF - I PWR OFF - I PWR OFF = I PWR OFF = I C1 OFF = I Q OFF = 1 W OFF = 1 C4 OFF = I 

DEVICE CODE BIT I 

DEVICE CODE 001 0 

2 

- . . . - - - - - - . . :::~q 61 PWR 

8 ;'Ei%/ 10 11 

F i g u r e  6-5. CRS Sta tus  Word 2, H E T  2 P r e a m p  

DEVICE CODE BIT 2 

3 4 

A1 PWR 

A2 PWR 

5 6 



DEVICE CODE BIT 1 

DEVICE CODE 811 ? 

CiVlCE CODE 811 3 

LA1 PWR 
LA1 PWQ 

LA3 PWR 

2 
ld l l  01 

DEVICE CODE 001 1 

F i g u r e  6-6. C R S  S t a t u s  W o r d  3 ,  L E T  A / B  P r e a m p  

DEVICE CODE 0100 

DEVICE CODE B l l  I 

DEVICE CODE BIT 1 

F i g u r e  6-7. C R S  S t a t u s  W o r d  4 ,  LET C / D  P r e a m p  

-- 2 
811 I. 811 01 OIT 01 PWR OFF I PNR OFF - I 

PiVR O N  .O PWR O N  = 0 

r - DEVICE CODE BIT 3 

3 4 

LC1 PWR 

5 

LC2 PWR 

6 



I - 
(BIT 

DEVICE CODE 0101 

DEVICE CODE BIT I 

F i g u r e  6-8. CRS S t a t u s  Word  5 ,  LET A / B  and Block  1 PHA Cont ro l  

2 

DEVICE CODE BIT I 

DEVICE cot+ 011 2H 
I I DEVICE CODE BIT 3 Fi 

(BIT = I 1  (BIT = 0) (BIT = I) DELETE = 1 DELETE = 1 DISABLE s 1 DISABLE = 1 DISABLE = 1 DISABLE = 1 DISABLE = 1 DISABLE = I 
RETAIN = 0 RETAIN = 0 RETAIN = 0 RETAIN = 0 RETAIN = 0 RETAIN = 0 RETAIN = 0 RETAIN = 0 

DEVICE CODE BIT 2 

DEVICE CODE 01 10 

3 

F i g u r e  6 - 9 .  C R S  Sta tus  Word 6 ,  LET C / D  and Block 2 P H A  Con t ro l  

- DEVICE CODE BIT 3 

DEVICE c o a  s i r  4 

4 

5 

DEVICE CODE BIT 4 

DISABLE l lP  A N L  

5 

DELETE LC 3 TEWS 

(811 - 0) DELETE = I DELETE = 1 DISABLE = I DISABLE = 1 DISABLE = I DISABLE = I DISABLE = 1 DISABLE = 1 
RETAIN = 0 RETAIN = 0 RETAIN - 0 RETAIN - 0 RETAIN - 0 RETAIN 0 RETAIN = 0 RETAIN - 0 



1 - 
(BIT 

O M C E  COO( YT 4 
D E L E l E u 3 -  

4 
- 11 (BIT = I 1  DELETE = I DELETE = I DELETE = I DELETE - 1 DELE= - I DELElE - l D E L m  - l DCLElE - 1 

RETAIN = 0 RETAIN = 0 RETAIN = 0 W A I N  - 0  RETAIN - 0  RE lUN - 0  UlAlN = 0 RETAIN = 0 

DEVICE CODE 0 1 1 1 

Figure 6-10. CRS Status W o r d  7, LET A / B  and H E T  I 

1 - 
(BIT 

I DEVICE CODE BIT 2 

DEVICE CODE 1000 

Figure 6-11. CRS Status W o r d  8 ,  LET C / D  and H E T  I1 

- - . . - - - - - - -. . - 

4 5 
= 0) (BIT =0) DELETE = 1 DELETE = 1 DELETE = 1 DELETE = 1 DELETE = I DELETE = I DELETE = I DELETE = I 

RETAIN = O  RETAIN = a  RETAIN = a  RETNN = O  RETAIN = O .  I)ETAlN = O  RETAIN = O  RETAIN = O  . 



I DEVICE COW BIT I 

, DEVICE C O W  UT 2 X"" 

DEVICE CODE 1001 
(UNUSED BITS = "0") 

- 3 

Figure 6-12. CRS Status Word 9 ,  Unused 

- 0) (BIT = 0) (BIT = 1 )  - - - - - - - - 

DEVICE C O W  UT 3 

DEVICE CODE 1010 

4 

DEVICE CODE BIT 1 

Figure 6-13.  C R S  Status Word 10,  TET Coincidence 

- 2 

DEVICE C W E  111 4 

5 

(BIT = 0) (BIT = 1) (WT = 0) A M )  = 1 OISA8lE = I DELETE = I DELETE = I DLI - 1  DELETE - 1 DELETE = I WUTE - I 
REMOVE = 0 RETAIN = 0 RETAIN = 0 RETAIN = 0 D i 7  - 0 RflAlN = 0 IETAIN - 0 IETAIN - 0 

WVICE coot Ill I 

NOT USED 

NOT USED [flfl::; 

3 

DNlCE CODE WT 3 

4 

A 0 0  D 4 TELMS 

5 



DEVICE CODE 101 1 

DEVICE CODE BIT I 

Figure 6-14.  CRS Status W o r d  1 1 ,  TET Preamps 

- -- 2 

Figure 6-15. CRS Status W o r d  12 ,  HET C Preamps 

1) 1811 0) (BIT : I )  (BIT = 1) 

DEVICE CODE LIT 2 

1 

3 

,311 11 (11 - 1 )  ,BIT - 0) @IT = 0) PWR OFF = I PWR OFF = I P v l l  OFF = I PWQ. OFF - I PWQ. OFF = I P W  Q F  - I PWR CfF - 1 PWQ. OFF - I 
M O N = O  P W O N = O  FURON=O W R O N - o  PWRON=O P W Q . O N = O  m e o N = o  P W O N - o  

.DEVICE CODE 1 100 

DEVICE CODE BIT I 

- 

2 

4 

D l  FUR 

5 

- DEVICE CODE BIT 2 

3 

DEVICE CODE E l l  3 

4 5 

HE1 1 C1 W R  

tit1 I c 2  PWS 

I c 3  PWR 

, 
6 



DEVICE CODE 1101 

DEVICE CODE BIT 1 

F i g u r e  6-16. CRS Status Word 13, CRS Misc  Control  

2 

DEVICE CODE 11 10 

: 1) (UT = I )  (BIT = 0) (UT = I) O N  = 1 O N  = I  ON = I  SET BY BIT B AUlO = I SET = 1 AUTO = 1 SET = I 
OFF=O O R  =O OFF =O OF COMMD NOT AUTO = 0 NOT SET = 0 NOT AUTO = 0 NOT SET = 0 

WORD 

DEVICE CODE BIT 2 

1 

(UNUSED BITS = "0") 

F i g u r e  6-17. CRS Status Word 14,  Not Used 

3 

(UT = I) L T - 1 )  @IT = I) (UT = 0) - - - - - - - - 

DEVICE CODE 11 1 

DEVICE CODE BIT 3 

2 

4 

DEVICE CODE BIT 2 

5 

3 

HV REWN ENABLE 

L C U  DISAKE 

6 

DEVICE CODE UT 3 

4 5 6 

NOT USED 

NOT USED 

, 



DEVICE CODE 11 11 

DEVICE C O M  &IT I 

Figure 6-18. CRS Sta tus  Word  15,  Not Used 

2 
I )  (a1 - I) (UT - I )  (UT = I )  - - - - - - - - 

(UNUSED BITS = '0") 

DEVICE C O E  BIT 2 

3 

DEVICE C O M  BIT 3 

I 5 

NOT USED 

NOT USED 

NOT USED 

6 



Table  6-3. Subcom- P L S  Data 

Table new this  i s sue  (Amendment  El, 8 Apr i l  1977). Table 28, "PLS 
Science Data", f r o m  MJS77-3-280A is  now deleted.  

SCT60 
MOD 4 

0 

1 

2 

3 

.I, .#' 

P L S  da t a  is output f o r  odd M F  n u m b e r s  only and i s  not output fo r  M F  
number s  of nl. 

CR-6 MF::: 

3-39 

43-79 

3-79 

3-39 

43-79 

3-79 

Function 

E l l  - E116 f r o m  previous  SCT6O MOD 4 = 2 

L1 - Lb4 f r o m  previous  SCT6O MOD 4 = 3 

E21 - E216 f r o m  previous  SCT6O MOD 4 = 3 

M1 - M96 f r o m  c u r r e n t  SCT60 MOD 4 = 0 

M97 - M288 f r o m  previous  SCT60 MOD 4 = 0 

E l l  - El16  f r o m  previous  SCT6O MOD 4 = 0 

L1 - L64 f r o m  previous  SCT60 MOD 4 = 1 

E21 - E 16 f r o m  previous  SCT60 MOD 4 = 1 
2 

M225 - M320 f r o m  c u r r e n t  SCT60 MOD 4 = 2 

M321 - M512 f r o m  previous  SCT60 MOD 4 = 2 



I NOT USED 

1 1 NOT USED 

1 1 I NOT USED 

I I I I NOT USED 

A Figu re  6-19a. P W S  Status W o r d  

0' 

PWS INPUT RANGE STATE 

PWS WAVEFORM POWER 

tu I I ! i I rn~~;~~~~ 
0 
P, NOT USED NO7 USED NOT USED ' NOT USED NOT USED 4 dB PREAMP NOT USED ON - 1  

(011 = o) (BIT - o) (BIT = O) (BIT = O) :BIT = 0) GAIN = 1 (BIT = I OR O) OFF .: o - 
0 dB PREAMP 
GAlN - 0  



STATUS TO 
SUBCOM 

CMDS TO 
SUBCOM 

NOTE I. INYIJT TO FDS 128 READINGS O N  4 SENSORS -512 WORDS. 
READINGS 1-72 O N  4 SENSORS (288 WORDS) ARE TRANSMITTED 
WHEN 2ND LS8 IS EVEN. 

NOTE 2 INPUT TO FDS I28 READINGS O N  4 SENSORS = 512 WORDS. 
READINGS 57-128 O N  4 SENSORS (BE WORDS) *RE TRANSMITTED 
WHEN ZND LS8 IS ODD. 

NOTE 3. INPUT TO FDS I 6  READINGS EACH O N  SENSORS A, 8, C AND D. 
READINGS O N  SENSOR D ONLY ARE TRANSMITTED. 

NOTE 4: COMMANDS TO PLS FROM FDS OCCUR 2.5 mr BEFORE 
THE START OF THE MODES SHOWN ABOVE; e.g., AT 
11 .a755 FOR THE M MODE WHICH STARTS AT 11.055. 

A F i g u r e  6-19. PLS Science Data Processing (EC Mode) 



[*6.1.2.3.3 Subcom-PWS Data. The GS-3 major  f r a m e  has 32 48-bit blocks in  
the subcom field assigned to PWS data a s  shown by Table 6 - 1. 
Time relationship and data content fo r  these words a r e  shown in 
Table 6-4. A PWS sequence consis ts  of 16 8-bit  words outputted 
every  4 s .  Six 8-bit words a r e  t ransmi t ted  in each M F .  

a )  PWS A (F i l t e r  Nos. 1-8) is equivalent to LFLC (F i l t e r  Nos. 1-8)  

b )  PWS B (F i l t e r  Nos. 9 -  16)  i s  equivalent to HFLC (F i l t e r  Nos. 1-8)  

1) The PWS scan of 16 8-bit  samples  repeats  12 t imes  
in 48 s (4 s per  scan).  

2) PWS is  stepped eve ry  0. 5 s s tar t ing a t  f i l ter  1 for 
output A (LFLC)  and f i l ter  9 f o r  output B (HFLC) a t  
t  = 0.005 s (5 m s  into line 1) .  

3)  The f i r s t  PWS B (9) sample i s  taken a t  t  = 0.4325 s 
(12. 5 m s  into line 8). B is  sampled every  0. 5 s 
tE1ereaftc.r. This samplc i s  output a s  the MS 8-bit 
byte in  MF 4 (LC = 31). 

4)  The f i r s t  PWS A (1) sample i s  taken a t  t  = 0.44 s 
(20 m s  into line 8). A is sampled every  0. 5 s there-  
af ter .  This sample i s  output a s  the 2nd MS 8-bit byte 
in M F  4 (LC = 31). 

I c )  Three bits of s ta tus  a r e  sampled every  48 s a t  t  = 0.4925 
(12. 5 m s  into line 9). It i s  output in MF 72 of the GS-3 
subcom a s  p a r t  of the f i r s t  16 bits of the subcom. 

)%6. 1 .2 .4  Engineering Data (Bits 113-136). In the GS-3 M F  there  i s  a 24-bit 
field for  encounter engineering data.  

*6. 1 .2 .5  L E C P  Data (Bits 137-496). L E C P  data i s  provided in a 360-bit 
field and i s  sampled differently during f a r  encounter and nea r  
encounter. ~ a r - e n c o u n t e r  operation includes the acquisition of 
both Rate l s ta tus  and PHA data and, based on one complete cycle 
through i ts  Rate l s ta tus  command word table, takes 24 s for  a 
complete cycle. Near  encounter operation acqui res  Rate /Status 
data only and requi res  12 s for  a complete cycle.  Operation in 
each of the two modes i s  descr ibed below. 

1;1.,6. 1. 2. 5. 1 L E C P  Data - F a r  Encounter. LECP Rate/Status data acquired during 
f a r  encounter is shown in Table 6-5. The sequence i s  960 1 0-bit 
words which a r c  outputted every  24 s.  Each MF contains 24Rate /  
Status words and the scan repeats  every  40 MF. PHA data consis ts  
of four 10-bit PHA words every  200 ms .  Each MF contains 12 PHA 
words.  

Both PFlA and Rate l s ta tus  data a r e  sampled in burs t s  of four words 
separated by 2.5 m s .  A burs t  of PHA i s  read every  200 m s .  Rate /  
Status burs ts  a r c  read every  100 ms .  A L E C P  ~ a t e / S t a t u s  command 



MJS77- 3-280 B 

T a b l e  6-4. Subcorn -PWS D a t a  

Note :  P W S  A i s  l o w - f r e q u e n c y  log c o m p r e s s o r .  

P W S  B i s  h i g h - f r e q u e n c y  log c o m p r e s s o r  

S c a n  
N o .  

1  

2  

3 

12  

N o .  of 
B i t s  

4 8  

48  

48  

4 8  

4 8  

4 8  

48  

4 8  

4 8  

48  

F u n c t i o n  

P W S  B ,  A D a t a  ( F i l t e r s  
9 ,  1 ,  l o ,  2,  11 ,  3 )  

P W S  B ,  A D a t a  ( F i l t e r s  
12 ,  4 ,  13 ,  5, 14 ,  6 

P W S  B ,  A D a t  
15 ,  7 ,  16 ,  8 ,  

P W S  B ,  A D a t a  ( F i l t e r s  
10 ,  2 ,  11 ,  3 ,  12 ,  4 )  

P W S  B,  A D a t a  ( F i l t e r s  
13 ,  5, 14 ,  6 ,  15 ,  7) 

A D a t a  ( F i l t e r s  
J 1 ,  10 ,  2)  

P W S  B ,  A D a t a  ( F i l t e r s  
1 1 ,  3 ,  12 ,  4 ,  13 ,  5 )  

P W S  B ,  A D a t a  ( F i l t e r s  
14 ,  6, 15,  7, 16 ,  8)  

P W S  B ,  A D a t a  ( F i l t e r s  
9 ,  1 ,  1 0 ,  2 ,  11 ,  3 )  

P W S  B ,  A D a t a  ( F i l t e r s  
14 ,  6,  15 ,  7, 16 ,  8)  

GS- 3 
M F  

4 

6 

8 

10 

1 4  

16  

1 8  

20 

24 

80 

L i n e  Count  

3  1 

5  1  

7  1  

9  1 

131 

151 

171 

191  

231 

79 1 



Table 6-5. L E C P  Far  Encoun te r  Data  

1. IN THE SEQUENCE BELOW, EACH PHA EVENT READOUT (40 BITS) IS INDICATED BY 
"P" AND EACH RATE/STATUS WORD GROUP READOUT (40 BITS) I S  GIVEN BY A 
NUMBER INDICATING THE GROUP. 

2. EACH P.H.A. EVENT CONSISTS OF 40 BITS.  THESE 40 BITS ARE READ AS 4 CON- 
TIGUOUS 10 BIT WORDS. 

3. THERE ARE 72 RATE AND STATUS WORDS. EACH WORD CONTAINS 10 BITS. THESE 
WORDS ARE GROUPED INTO BLOCKS OF 4 AS SHOWN O N  TABLE 6-6 

4. AT LECP BIT RATE OF 600 BPS (GS-3), THE SEQUENCE LASTS 24 SECONDS (TWO 
MI NOR FRAMES). 

MF (ODD NUMBERED) MF (EVEN NUMBERED) 

ALL STATUS WORDS ARE, IN GROUPS 16 AND 17. 9 HORIZONTAL BLOCKS = MF 

6-24 



MJS77-3-280B 

*Table 6-6. L E C P  F a r  Encounter  Mode Rate Group Ar rangemen t  

1 Group  = 40 bits;  1 Rate/Sta tus  Word = 10  bi ts ;  
1 Rate  Channel = 1 0 bits .  
* Two channels l i s t ed  can  be  multiplexed together.  Each  

m e a s u r e m e n t  would then appear  in a l t e rna t e  occurences  of 
the  r a t e  group;  o therwise ,  the f i r s t  m e a s u r e m e n t  wil l  
appea r  a l l  the  t ime.  

R a t e  
G ro  up 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

* 

E P 5  

EY 6 
- 

3 1 

E P 5 

10 

16 

4 

38 

p a 7  
- 

24 

14 

36 

9 

30 

2 1 

s 6  

s 4  

Ra te  Group 

p a 3  

E P 3  

32 

EY9/45* 

3 

42 

27 

28 

pa 6 

12 

18 

19 

25 

26 

3 7 

S5 

s 3  

P a l  

E P 1  

39 

EY7 

1 

P a 4  

11 

13/46:: 

35 

45 

34 

6 

8 

29 

A a l  

15 

s 1  

Ra te  Channels i n  

p a 2  

E P2 

33 

EY8144:: 

44 

Pa8  

23 

17/47:: 

p a 5  

41 

5 

7 

43 

22 

Aa2 

20 

s 2  



is sent 2.5 ms before the f i r s t  word of a Ratelstatus burst is  read 
by FDS. The bit organization for LECP status words is  shown in 
Figures 6-20 through 6-25. Fa r  encounter uses  a sequence of 240 
R/S commands. Data readout, sampling, and reference to R./S 
command is gtven below. The format structure repeats every MF. 
The R/S command sequence repeats every 40 MFs (24 s). 

Type R/S CMD 
MF 1 (bits) Burst F i r s t  Word Sample Time Number 

7. 5 ms into line 2 of 10 

177-216 PHA 7 . 5  ms into line 3 of 10 - 

21 7-256 R /S 47. 5 ms into line 3 of 10 2 

257-296 R /S 27. 5 ms into line 5 of 10 3 

297-336 PHA 27.5 ms into line 6 of 10 - 

337-376 R /S 7.  5 ms  into line 7 of 10 4 

377-416 R /S 47. 5 ms into line 8 of 10 5 

417-456 PHA 47. 5 ms into line 9 of 10 - 
I 

1 457-496 R IS 27. 5 ms  into line 10 of 10 6 

This repeats in MF 2 using R/S Commands 7-12, MF 3 uses 
13-18, etc. . . . MF 40 uses 235-240. MF 41 i s  a repeat of MF 1. 

(dC6.1.2.5.2 LECP Data - Near Encounter. LECP Ratelstatus data during near 
encounter is  shown in Table 6-7. The basic sequence is  720 10-bit 
words which a r e  outputted every 12 s. Each MF contains 35 R.ate/ 
Status words, and the scan repeats every 20 MFs. Only the R/S 
data is  sampled, and there a r e  no PHA data. Three additional 
bursts  a r e  read a t  the times PHA was read in f a r  encounter (FE R/S 
burst  remains the same). Additional Rate/Status commands a r e  
sent prior  to these three R/S bursts.  Near encounter uses a 
sequence of 180 R/S commands. Data readout is: 

MF 1 R / S  Commands 1-9. 

MF 2 R./S Commands 10-18. 

MF 20 R/S Commands 172-180. 

This sequence repeats every 12 s .  

I *6.1.2. 5.3 LECP Command. The LECP configuration command is  in bits 
67-112 of the subcom field of MF 32 (LC=311). The LECP Rate/ 
Status command is  not sampled a s  status. 



1 
PWR 
PWR 

Figure 6-20. LECP Status W o r d  1 

PWR TO LEPT DET D4 

2 

'* Figure 6-21. L E C P  Status W o r d  2 

LEMPA DET LOW BIAS - 
LEMPA DET HIGH BIAS - 
Dl2 
PWR TO LEMPA DET B - - 
PWR TO LEMPA DET A 

IWI ON = I M R  O N  = I M R  O N  = I PWR O N  = I PWR O N  = I PWR O N  = I PWR O N  = 1 PWR O N  = I PWR O N  = I 
IWI OTF = 0 M R  OFF = 0 P W R  OFF = 0 PWR OFF = 0 PWR OFF = 0 PWR OFF = 0 PWR OFF = C PWR OFF = 0 PWR OFF = 0 

PWR TO LEPT DET D3 

3 

- 
1 - 
2 

4 - 5,: i ;g::::l: 
MSB 

I 

PWR TO LEPT M T  D2 

PWR TO LEPT DET D I C  

- 

PWR TO LEMPA DET D5 - 

4 

- 
10 

5 

LSB 

- 

PWR TO LEPT M T  D I B  

PWR TO LEPT DET D I A  

PWR T O  LEPT DETS 
AC VII A N D  Vlll 1 7 3 $ ! ! ; ; :  PWR T O  LEPT M T S  

O N  = I PWR O N  = 1 D l >  ON I PWR O N  = I PWR O N  = 1 PWR O N  = I PWR O N  = 1 PWR O N  = 1 PWR O N  = 1 PWR O N  = 1 
OFF - 0  W R  OFF = 0 OFF PWR OFF = 0 PWR OFF = 0 PWR OFF = 0 PWR OFF = 0 PWR OFF = 0 PWR OFF = 0 PWR OFF = 0 

2 3 4 



MOTOR STEP FREQ CONTROL 

SUB-COM D l  FAST /SEE NOTE I )  

STEPPER BASE SCAN MOTOR 

EMERGENCY MOTOR PWR 

INCREASED MOTOR DRIVE 

ACCELERATED STEP RATE 

- 2 I 
SUB-COM CHNLS 
46/47 WITH 13/17 
I N  GROUP8 = I 

SEND 
CHANNELS 
13/17 I N  

3 I 
FULL SCAN = I 

LIMIT TO 
STDPER 
BASE 
POSITIONS 
2 - 8  = 0 

4 1 
SINGLE HIGH 
FWR STEP = 1 

NORMAL 
SELECTOR 
STEPS AT 
NORMAL OR 
INCREASED DRIVE 

INCREASED 
DRIVE = I 

NORMA1 
DRIVE = 0 

d- FAST INTERNAL 

STEP PULSE = I 

NORMAL FDS 
STEP PULSE = 0 

COMMD POSITION BIT INHIBITS 
SCAN MOTOR IF I N  COMMD POSITION 

TELESCOPE POINTING POSITION BIT I 

TELESCOPE POINTING POSITION BIT 2 
TELESCOPE POINTING POSITION BIT 3 

COMMD 
POSITION 

NORMAL 
SCAN 

- 8 1 
SEE NOTE 2 

NOTE 1: DURING CRUISE ANDFAR E K W N T E R  

NOTE 2: TELESCOPE POINTIN: POSITION 

d SEE NOTE 10 I 
SEE NOTE 2 

* Figure 6-22. LECP Status W o r d  3 



El  DISCRIMINATOR HIGH 

RATE FORMAT FAILURE 

SUB COM RATE CHANNELS 

LEPT/LEMPA CONTROL 

LEPT LEMPA ALTERNATL H 10 LSB 

~ ~ % ~ ~ ~ d ~ ~ ~ ~ ~  HIGH - 1 SEQUENTIAL SEL REWCED SUB-COM 44/45 DECREASED 
PWR O N  1 PWR O N  I CAL O N  1 LEPT I 

LOW - 0  OF RATE 
O N  I 

COINCIDENCE - 1 WITH EyB/Ey9 = I  (10Ker) - 1  PWR OFF 0 PWR OFF 0 CAL OFF 0 LEMPA 0 OFF 0 
CHANNELS - 1 NORMAL E y 8 / E T 9 0 N L Y - 0  NORMAL 
NORMAL RATE COINCIDENCE 0 
CHANNFI 5 

(20 Kev) = 0 
- . . . . . . . . - - - 
SEL BY FDS 0 

% Figure 6 - 2 3 .  LECP S t a t u s  W o r d  4 

NOTE 1: 

1 

SECTOR 

1 0 0  

0 0 0 

0 0 1  

0 1 0  

0 1 1  

1 1  1 8 

NOTE 2: USE OF FRAME COUNTER IS DESCRIBED I N  
NOTE 3 OF TABLE 6-6 .  

SEE NOTE 1 SEE NOTE 1 SEE NOTE 1 MOTOR FRAME COUNTER FRAME COUNTER FRAME COUNTER FRAME COUNTER (NOT USED) (NOT USED) 
CENTER 1 BIT l BIT 2 BIT 3 BIT 4 (BIT = 0) (BIT = 0) 

MOTOR N O T  
CENTER 0 

I 

MOTOR POSITION BIT 1 

A s  Figure 6-24. LECP Status W o r d  5 

2 

MOTOR POSITION BIT 2 - 

3 

MOTOR POSITION BIT 3 

4 

FRAME COUNTER BIT I (MSB) 

FRAME COUNTER BIT 2 

5 
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Figure 6-25. LECF S t a t u s  W o r d  6 

MUX COUNTER MbX COUNTIK MU* COUNTER MUX COUNTER MUX COUNTE? MU* COLNTER M U I  COI,T.ITE? DEADOUT = vEADOVl ! AND 6' CONNECIED - i 
a i r  ! 1 ~ ~ 0 )  BIT 2 811 3 BIT 4 BIT 5 BIT 0 BIT 7 Y O i  READOCT-1 NOT READOLT ' A N D 8  CONNECTED - 0 
r ~ , > l  t , ,:iCiF , N i r t  I8 (NOT: I (NL'TE " tP.Lii 1 8  , - . L T i  I 

MU* COUNTER 811 1 MODULO 120 'MSB) 

2 - 

ML* COUNTER BIT 2 

3 - 

MU* COUNTEK BIT 3 

4 

MU* COUNTER BIT 4 

MJX COUNTER BIT 3 

MUY COUNTER BIT 7 1LSBl 

HEADOUT RATES 44 AND 45 

READOUT RATES 46 4 N D  47 5": ::::;:: 



T a b l e  6-7. LECP N e a r  E n c o u n t e r  Data 

1 .  THERE ARE 44 RATE/STATUS WORDS. EACH WORD HAS 10 DATA BITS. THESE 
WORDS ARE GROUPED INTO GROUPS OF 4 AS SHOWN O N  TABLE 6 8  

2. N O  P.H.A. DATA READOUT. 

3 .  AT LECP BIT RATE OF 600 B.P.S., THE SEQUENCE LASTS 12 SECONDS 
(20 MINOR FRAMES). 

MF (ODD NUMBERED) MF (EVEN NUMBERED) T = 1.2s 



# T a b l e  6-8. N e a r  E n c o u n t e r  Mode  G r o u p  A r r a n g e m e n t  
( R a t e  C h a n n e l s  in G r o u p )  ( s h e e t  1 of 3 )  

RATE 
GROUP 

1 

SEE NOTE 

P S A ,  PSA, PSB, A PSB, A 



% Table  6-8. N e a r  E n c o u n t e r  Mode G r o u p  A r r a n g e m e n t  
(Ra te  Channels  i n  Group)  ( s h e e t  2 of 3)  

Notes 

R a t e  a c c u m u l a t o r s  s h a r e d  with c r u i s e  mode  r a t e s .  

?I( Sta tus  w o r d s  i n  g r o u p  17 a r e  subcommuta ted  as fol lows:  

During the  f i r s t  12 s p e r i o d  ( the  f i r s t  t i m e  through Table  6 - 7  
s t a r t i n g  a t  t = 0 )  all g r o u p  17 w o r d s  wi l l  be: 

Ip ,  l a ,  S53 S5.  

Dur ing  the  second  12 s  pe r iod  a l l  g r o u p  17 w o r d s  wi l l  be:  

Ip ,  l a ,  S l ,  S3. 

Dur ing  the th i rd  12 s  per iod  a l l  g r o u p  1 7  w o r d s  wil l  be:  

Ip ,  1 0 ,  S69 S 6 .  

Dur ing the four th  12 s  per iod  a l l  g roup  17 w o r d s  wi l l  be:  

Ip ,  I a ,  S2 ,  S4 .  

A t  the  end of the  48 s per iod  the  sequence  wi l l  r e p e a t .  

A l l  s t a t u s  w o r d s  a r e  contained in  R a t e  G r o u p  17.  They  a r e  multip1e:ced ( 
by thle i n t e r n a l  f r a m e  c o u n t e r  s u c h  tha t  the  s a m e  two s t a t u s  w o r d s  
a p p e a r  e a c h  t i m e  Ra te  Group  17 i s  a d d r e s s e d  within one 12 s block 
( 2 0  m i n o r  f r a m e s ) .  When Rate  Group  17 i s  a d d r e s s e d  in  the  next  
12 s b lock,  the  next  two s t a t u s  words  a p p e a r .  Again ,  they r e p e a t  
throughout  the  e n t i r e  b lock .  F o u r  comple te  12 s b locks  a r e  r e q u i r e d  
to  c o v e r  a l l  s i x  s t a t u s  w o r d s .  The l eakage  c u r r e n t s  la and I P  o c c u r  
e a c h  and e v e r y  t i m e  tha t  Rate Group 17 i s  a d d r e s s e d .  

* A When R a t e  G r o u p  18 i s  a d d r e s s e d ,  a  s ingle  r a t e  g r o u p  i s  r e p e a t e d l y  
r e a d  out f o r  1 .  2 s (2 m i n o r  f r a m e s ) .  Which r a t e  g r o u p  i s  being r e a d  
out  i s  indica ted  by f r a m e  coun te r  b i t s  1 through 4 ( r e f e r  t o  LECP 
Sta tus  Word 5 ,  b i t s  5 -8 ) .  I 



* Tab le  6-8. N e a r  E n c o u n t e r  M o d e  G r o u p  A r r a n g e m e n t  
(Ra te  Channe l s  i n  G r o u p )  ( s h e e t  3 of 3 )  

N o t e s  ( con td )  

I T h e  f r a m e  c o u n t e r  b i t s  i nd ica t e  wh ich  g r o u p  i s  being r e a d  out  a s  fo l lows:  

b i t s  1 2 3 4 R a t e  G r o u p  

o o o o =  1 

0 0 0 1 =  2 

0 0 1 0 =  3 

0 0 1 1 =  4 

0 1 0 0 =  5  

0 1 0 1 =  6 

0 1 1 0 =  7 

0 1 1 1 =  1 5  

1 0 0 0 =  9 

S y s t e m  logic  c a u s e s  R a t e  G r o u p  1 5  to  b e  r e a d  out  b e f o r e  R a t e  G r o u p  9 .  
R a t e  G r o u p  17  ( s t a t u s  w o r d s )  d o e s  not  a p p e a r  i n  t he  R a t e  G r o u p  18 
ro t a t ion .  

r 



-% 6. 1 .2 .6  MAG D a t a  ( B i t s  497-9461. MAG d a t a  is c o n t a i n e d  wi th in  a 450-b i t  
f i e ld  i n  t h e  GS-3 MF. T h e  b a s i c  MAG s e q u e n c e  t a k e s  4 . 8  s w h i c h  
is the  t i m e  b e t w e e n  r e s e t  s i g n a l s  s e n t  t o  MAG. D u r i n g  t h i s  t i m e  
the  F D S  a c q u i r e s  a n d  p r o c e s s e s  d a t a  a s  fo l l ows :  

a )  F D S  s e n d s  R .e se t  t o  MAG. T h i s  clears the  d a t a  r e a d o u t  
b,uffer a n d  l o a d s  two  s t a t u s  w o r d s  i n t o  the  s t a t u s  r e g i s t e r .  

b )  F D S  s e n d s  S a m p l e  c o m m a n d  t o  MAG. 

c )  MAG l o a d s  i t s  144  b i t  d a t a  r e a d o u t  b u f f e r  w i t h  twe lve  12 -b i t  
wrords . T h e s e  w o r d s  a r e  f o r  t h e  func t ions  of i n b o a r d  L F M  
( IB  L F M ) ,  i n b o a r d  H F M  (IB H F M ) ,  o u t b o a r d  L F M  (OB L F M ) ,  
and o u t b o a r d  H F M  ( O B  H F M )  in  t ha t  o r d e r .  E a c h  of t h e s e  
func t ions  f i l l  a  36-b i t  f i e l d .  T h e  36 -b i t  f i e l d s  e a c h  con ta in  
t h r e e  12 -b i t  w o r d s  f o r  e a c h  of t h e  t h r e e  a x e s .  D e t a i l e d  
d e s c r i p t i o n  of MAG d a t a  is shown  in T a b l e  6-9. 

d )  F D S  r e a d s  in  d a t a  in t h i s  o r d e r :  P r i m e  L F M  X ,  Y ,  Z ;  
S e c o n d a r y  L F M  X,  Y,  Z ;  O B  H F M  X ,  Y,  Z ;  IB  H F M  X ,  
Y ,  Z .  

e )  F D S  p e r f o r m s  the  fo l lowing  p r o c e s s i n g :  

1 )  P r i m e  L F M .  F D S  s u b t r a c t s  t he  p r e v i o u s  L F M  X,  Y ,  
Z  s a m p l e s ~ r o m  the  p r e s e n t  L F M  X,  Y ,  Z s a m p l e s  
r e s p e c t i v e l y ,  i . e . ,  Xnew -Xo ld ,  Ynew - Y o l d ,  Znew 
- T o l d .  T h l s  r e s u l t s  in  t h r e e  12 -b i t  d i f f e r e n c e s  of wh ich  
the  F D S  s a v e s  t he  6  L S B s  f r o m  e a c h  f o r  ou tput  ( a l l  
d i f f e r e n c e s  in  2 ' s  c o m p l e m e n t ) .  E v e r y  5th X ,  Y ,  Z  
s a m p l e  i s  s a v e d  and output ted  a s  a  r e f e r e n c e  s a m p l e .  

2 )  S e c o n d a r y  L F M .  F D S  a d d s  t he  L F M  X ,  Y ,  
Z s a n l p l e s  t o  the  p r e s e n t  L F M  X ,  Y, Z s a m p l e s  
r e s p e c t i v e l y  and a v e r a g e s  e a c h  s u m ,  i . e . ,  

Xnexi. t X o l d ,  Y n e t ~ .  t Y o l d ,  Znew t Z o l d ,  

T h i s  r e s u l t s  i n  t h r e e  12 -b i t  a v e r a g e s  urhich a r e  d i f f e r -  - 
e n c e d  \i.ith t he  p r e v i o u s  a v e r a g e s  and  the  6  b i t  
d i f f e r e n c e  i s  ou tpu t .  E v e r y  5th X ,  Y, Z 12 b i t  averag t :  
i s  s a v e d  f o r  ou tput  a s  a  r e f e r e n c e  a v e r a g e .  

3)  O B  HFAI. T h e  X ,  Y ,  Z a x i s  ( t h r e e  12-b i t  w o r d s )  a r e  
ou tput  e v e r y  b O O  m s  in  the  s a m e  f o r m  a s  t h e y  a r e  
r e c e i v e d  f r o m  hIAG. 

1) I B  H F h l .  S a m e  a s  O B  H F M  e x c e p t  t h a t  e v e r y  4 .  8 s 
t he  l a s t  2  of 3 ( Y  and Z a x i s )  s a m p l e s  a r e  r e p l a c e d  b y  
two 12 -b i t  s t a t u s  \vords  



 able 6-9. M A G  D a t a  ( s h e e t  1  of 3)  

B i t  
No. 

497-502  

503-514  

515-520  

521-532 

533-538  

539-550 

551-586 

587-622 
M F  (1  + 8N):: 

Con ta in  
S t a t u s  

623 -640  

641-646  

N o .  of 
B i t s  

6 

12 

6  

12 

6  

12  

36 

36 

1 8  

6 

Func t ion  

P r i m e  L F M  X D i f f e r e n c e ,  i .  e . ,  d a t a  acqu i r e t i  a t  
l ine  1  of 10 m i n u s  d a t a  a c q u i r e d  a t  t he  p r e c e d i n g  
l ine  10  of 1 0 .  

P r i m e  L F M  X  R e f e r e n c e ,  i .  e . ,  d a t a  a c q u i r e d  a t  
l i ne  1  of 1 0 .  

P r i m e  L F M  Y D i f f e r e n c e ,  i .  e .  , d a t a  a c q u i r e d  a t  
l ine  1  of 10 m i n u s  d a t a  a c q u i r e d  a t  t h e  p reced ing  
l ine  10  of 1 0 .  

P r i m e  L F M  Y R e f e r e n c e ,  i .  e .  , d a t a  a c q u i r e d  a t  
l i ne  1  of 1 0 .  

P r i m e  L F M  Z D i f f e r e n c e ,  i .  e .  , d a t a  a c q u i r e d  a t  
l ine  1  of 10 m i n u s  d a t a  a c q u i r e d  a t  t h e  p r e c e d i n g  
l i ne  10 of 10 .  

P r i m e  L F M  Z R e f e r e n c e ,  i .  e .  , d a t a  a c q u i r e d  a t  
l ine  1  of 10 .  

OB H F M  d a t a  a c q u i r e d  a t  l i ne  1  of 1 0 .  

F o r  7 of 8  g e n e r a l  s c i e n c e  f r a m e s ,  t h e s e  b i t s  a r e  
IB  H F M  d a t a  ( X ,  Y ,  and Z )  a c q u i r e d  a t  l ine 1  of 
10  ( e x c e p t  1  of 8 0 ) .  F o r  1  of 8 g e n e r a l  s c i e n c e  
f r a m e s ,  t h e s e  b i t s  a r e  IB  H F M  X d a t a  ( 1 2  h i t s )  
and s t a t u s  d a t a  (24  b i t s )  a c q u i r e d  a t  l ine  1 of 8 0 .  
(S ta tus  r e p l a c e s  Y and Z .  ) 

Prime L F M  D i f f e r e n c e ,  i .  e . ,  d a t a  a c q u i r e d  a t  
l ine  2 of 10 m i n u s  d a t a  a c q u i r e d  a t  l ine 1  of 1 0 .  

S e c o n d a r y  L F M  X D i f f e r e n c e ,  i .  e .  , a v e r a g e  of 
d a t a  a c q u i r e d  a t  l i n e s  1  and 2 of 10  m i n u s  a v e r -  
a g e  of d a t a  a c q u i r e d  a t  t he  p r e c e d i n g  l i n e s  9  and 
10 of 1 0 .  



MJS77-3-280 B 

% Table  6-9. MAG Data  ( shee t  2 of 3) 

Bi t  
No. 

647-658 

659-664 

665-676 

677-682 

683-694 

695-7 12 

713-730 

731-748 

749-766 

767-772 

773-784 

No .  of 
B i t s  

12 

6  

12 

6  

12 

18 

18 

18 

18 

6  

12 

Funct ion  

Secondary  L F M  X R e f e r e n c e ,  i .  e .  , a v e r a g e  of 
d a t a  a c q u i r e d  a t  l ines  1  and 2  of 10.  

S e c o n d a r y  L F M  Y Dif ference ,  i .  e .  , a v e r a g e s  of 
d a t a  a c q u i r e d  a t  l ines  1  and 2 of 10 minus  
a v e r a g e  of d a t a  a c q u i r e d  a t  the  p reced ing  l ines  9  
and 10 of 10 .  

Secondary  L F M  Y R e f e r e n c e ,  i .  e  . , a v e r a g e  of 
d a t a  a c q u i r e d  a t  l i n e s  1  and 2 of 10.  

Secondary  L F M  Z Difference,  i .  e .  , a v e r a g e  of 
d a t a  a c q u i r e d  a t  l ines  1  and 2 of 10 minus  
a v e r a g e  of d a t a  acqu i red  a t  the  p reced ing  l ines  9  
and 10 of 10 .  

Secondary  L F M  Z R e f e r e n c e ,  i .  e . ,  a v e r a g e  of 
d a t a  a c q u i r e d  a t  l i n e s  1  and 2  of 10.  

P r i m e  L F M  Di f fe rence ,  i .  e .  , d a t a  acqu i red  a t  
l ine  3 of 10 m i n u s  d a t a  acqu i red  a t  l ine  2  of 10.  

P r i m e  L F M  Di f fe rence ,  i .  e .  , d a t a  acqu i red  a t  
l ine 4 of 10 m i n u s  d a t a  acqu i red  a t  l ine 3 of 10 .  

Secondary  L F M  Difference ,  i .  e .  , a v e r a g e s  of 
d a t a  acqu i red  a t  l i n e s  3 and 4 of 10 m i n u s  
a v e r a g e s  of d a t a  acqu i red  a t  l i n e s  1  and 2  of 10. 

P r i m e  L F M  Di f fe rence ,  i .  e  . , d a t a  a c q u i r e d  a t  
l ine  5 of 10 minus  d a t a  acqu i red  a t  l ine  4 of 10 .  

P r i m e  L F M  X Di f fe rence ,  i .  e .  , d a t a  acqu i red  a t  
l ine 6  of 10 minus  d a t a  a c q u i r e d  a t  l ine  5 of 10 .  

P r i m e  L F M  X R e f e r e n c e ,  i .  e . ,  d a t a  acqu i red  a t  
l ine 6  of 10.  



T a b l e  6-9.  MAG D a t a  ( s h e e t  3 of 3) 

785-790  

791-802  

803-808  

809-820  

821-838  

839-856  

857-874  

875-892  

893-910  

911-928  

929-946 

- 

No.  of 
B i t s  

6 

12 

6 

12 

18  

18  

1 8  

18  

1 8  

18 

1 8  

Func t ion  

P r i m e  L F M  Y D i f f e r e n c e ,  i . e . ,  d a t a  a c q u i r e d  a t  
l ine  6 of 10 m i n u s  d a t a  a c q u i r e d  a t  l ine  5 of 1 0 .  

P r i m e  L F M  Y R e f e r e n c e ,  i .  e .  , d a t a  a c q u i r e d  a t  
l ine  6 of 1 0 .  

P r i m e  L F M  Z D i f f e r e n c e ,  i . e . ,  d a t a  a c q u i r e d  a t  
l ine  6 of 10  m i n u s  d a t a  a c q u i r e d  a t  l i ne  5 of 1 0 .  

P r i m e  L F M  Z R e f e r e n c e ,  i .  e .  , d a t a  a c q u i r e d  a t  
l ine  6 of 1 0 .  

S e c o n d a r y  L F M  D i f f e r e n c e ,  i .  e .  , a v e r a g e s  of 
d a t a  a c q u i r e d  a t  l i n e s  5 and 6 of 10 m i n u s  
a v e r a g e s  of d a t a  a c q u i r e d  a t  l i n e s  3 and  4 of 10 .  

Prime L F M  D i f f e r e n c e ,  i .  e .  , d a t a  a c q u i r e d  a t  
l ine  7 of 1 0  m i n u s  d a t a  a c q u i r e d  a t  l i n e  6 of 1 0 .  

P r i m e  L F M  D i f f e r e n c e ,  i .  e  . , d a t a  a c q u i r e d  a t  
l i ne  8 of 10  m i n u s  d a t a  a c q u i r e d  a t  l i ne  7 of 10 .  

S e c o n d a r y  L F M  D i f f e r e n c e , i . e . ,  a v e r a g e s  of 
d a t a  a c q u i r e d  a t  l i n e s  7 and 8  of 10 m i n u s  
a v e r a g e s  of d a t a  a c q u i r e d  a t  l i n e s  5 and 6 of 10 .  

P r i m e  L F M  D i f f e r e n c e ,  i .  e .  , d a t a  a c q u i r e d  a t  
l i ne  9  of 10 m i n u s  d a t a  a c q u i r e d  a t  l i ne  8 of 10 .  

P r i m e  L F M  Di f f e r ence ,  i .  e .  , d a t a  a c q u i r e d  a t  
l ine  10  of 1 0  m l n u s  d a t a  a c q u i r e d  a t  l i n e  9  of 1 0 .  

S e c o n d a r y  LFM Di f f e r ence ,  i .  e . ,  a v e r a g e s  of 
d a t a  a c q u i r e d  a t  l i n e s  9  and 10 of 10  m i n u s  
a v e r a g e s  of d a t a  a c q u i r e d  a t  l i n e s  7 and 8  of 10 .  

A 



f )  FDS outputs in each MF: 

1) P r i m e L F M .  30 6-bit differences 
6 12-bit re ferences  

2) Secondary LFM. 15 6-bit differences 
3 12-bit reference averages 

3)  OB HFM. 3 12 X, Y,  Z words 

4 )  IBHFM. 3 12 X, Y, Z words except 
e.very 4 .8  s (8 MFs)  when Y and Z 
a r e  replaced by two 12-bit s ta tus  
words.  

The bit definitions for  each M F  a r e  a s  shown in Table 6-9. 

The MAG data sequence repeats  eve ry  4.8 s (every 8 GS-3 f r ames ) .  
Science data is  sampled when MAG Sample i s  sent (every 60 m s  
starting 10 m s  into the format  interval). All LFM data a r e  
processed f r o m  every  sample; however, only HFM data f r o m  the 
f i r s t  h4AG Sample of each format  interval i s  processed. Status 
data i s  sampled when MAG Reset i s  sent (every 4 .8  s ,  7.5 m s  
into eve ry  8th GS-3 f r ame  star t ing with f r a m e  1). 

Exa.mples using FDS Count in the GS-3 format  and ts = sample 
time are :  

a )  MAG Field Bits (add 496 to obtain GS-3 bit no. ) 1 
1-6 Six LSBs of LFM PRI  x (ts = FDS Count t 10 m s )  

minus LFM- P R I x  (ts = FDS Count - 50 m s ,  i .e . ,  
pre.vious sample).  

133-138 Six LSBs of LFM PRI  y (ts = FDS Count t 70 nns) 
minus LFM PRI  y(ts = FDS Count + 10 ms) .  

145-150 Six LSBs of 112 [LFM s x (ts = FDS Count t 1 0  m s )  
t LFM s x (ts = FDS Count t70  m s ) ]  - 112 
[LFM s x (ts = FDS Count - 110 m s )  t LFM s 
x (ts = FDS Count -50  ms) ] .  

b)  MAG Status i s  sampled e.very 4.8 s (e.very 80 l ines)  when 
MAG Reset i s  received f r o m  FDS. The f i r s t  status measure -  
ment of two 12-bit words i s  sampled a t  t = 0.0075 s 
(7.5 m s  into line 1). These words a r e  output in M F  1, 
bits 599-622. MF 9, bits 599-622,contain status sampled a t  
t = 4.8075 s (7.5 m s  into line 81). Bit assignments  f o r  
MAG status a r e  shown in Figures  6-26 and 6-27. I 



OUFM RANGE 811 2 

AUTO ' I 
MANUAL = 

COUNT 2'- 1 COUNT 2' = I COUNT Z~ = 1 g,"uAL : A COUNT 2' = 1 COUNT 2' = I COUNT = ziU :A :E A gGAL :; :E :A 
(SEE NOTE 1) (SEE NOTE I )  

NOTE 1: 

EIGHT RANGES 0 THRU 7. 
RANGE 0 IS MOST SENSITIVE 

F i g u r e  6-26.  MAG Sta tus  W o r d  1 

F i g u r e  6-27. MAG Sta tus  W o r d  2 

OUFM'IN FLIGHT CUIB 

- 2 
) N  = 1 CALI8 O N  = I CALI) O N  = I CALI) O N  = 1 POSITIVE = 1 I) ENABLED = I lmO. 1 UNLOCKED = I la6) - 1 UNLOCKED = I IUFM M l M f  - I EN-D (INED5ID) ' I 
>FF= 0 CALI8 OFF = 0 CUlB  OFF = 0 CAlIB OFF = 0 NEGATIVE = 0 A ENMLED = 0 o0 = 0 LOCKED = O  8-0 LOCKED - 0 WFM m l ~ f  - 0 DISULID (NOW) . 0 

IUFM I N  FLlGM CUIB  

3 4 5 

POLARITY 

DATA r m t s s o n  ITATVI 

1bLFM F L l m U  

6 



c )  MAG Cmd Status (MF 32 of subcom status). 
Bits 65-80 show the command sent a t  t = 4.8025 s (2.5 ms  I 
into line 81). Bits 81-96 show the command sent a t  
t = 4.805 s (5. 0 ms  into line 81). 

6. 1.2. 7 Filler (Bits 947-948). Two filler bits a r e  required to make the 
sum of MAG and CRS bit fields an integer multiple of 8 bits. 

.3f. 6. 1.2. 8 CRS Data (Bits 949-1104). CRS data is  provided in a 156-bit field. 
The complete CRS data sequence i s  shown in Table 6 -  10. Two types 
of ctata a r e  included in the format a s  follows: 

PHA: PHA words a re  sampled in bursts  of every 240 ms  
separated by 2 .  5 m s .  The f i r s t  word read out in M F  1 
is sampled at t = 47 .  5 ms (47 .  5 ms into line 1 ) .  The 
output sequence repeats every 2 MFs .  

RATE: Rate words are  sampled every 200 m s .  The f i rs t  rate 
,word is  read out in MF 1 (bits 113-124) and i s  sampled a t  
t = 62.5 ms  (2. 5 ms  into line 2). Each MF contains 
three 12-bit R.ate words. A complete rate sequence i s  
480 words and requires 96 s.  

CRS status data is  transmitted in the subcom status field. Status is ! 
sampled every 6 s starting at  t = 0. 015 s (15 ms into line 1). 
Status is output in MF 62 and MF 71. The f i r s t  status word is  read 
out as  bits 65-72 of the MF 62 subcom status data. Bit assignments 
for  CRS status data a r e  a s  shown in Figures 6-3 through 6-  18. 

MF 62 Status sampled at: 

Bits 65-76 15 ms into line 1 

Bits 77-88 15 ms into line 10 1 

Bits 89-100 15 ms into line 20 1 

Bits 101-112 15 ms  into line 30 1 

MF 71 Status sampled at: 

Bits 65-76 15 ms into line 401 

Bits 77-88 15 ms into line 501 

Bits 89-100 15 ms  into line 601 

Bits 101-112 15 ms into line 701 

The CRS Command i s  transmitted in the 16 LSBs (bits 97-112) of 
M F  61 of the subcom status field. 1 



Table 6-10. CRS D a t a  



e 6 .  1 .  2 .  9  P R A  D a t a  ( B i t s  1105-1264) .  P R A  d a t a  i s  p rov ided  i n  a 160-b i t  
f i e l d .  T h e  P R A  s c a n  is 6 s d u r i n g  which  t h e  F D S  a c q u i r e s  two 
8 -b i t  s t a t u s  w o r d s  and  1 9 8  8 -b i t  d a t a  w o r d s .  A m o d e  s e q u e n c e  
c o n s i s t s  of 240 s c a n s  of 1440 s .  S ince  the  m o d e  s e q u e n c e  r e q u i r e s  
m o x e ' t h a n  48  s ,  bo th  MOD 60 C o u n t e r  and  L i n e  Coun t  m u s t  b e  used  
f o r  d e c o m m u t a t i o n .  E a c h  M F  con ta ins  twenty  8 -b i t  w o r d s .  One  
m o d e  s e q u e n c e  i s  as shown i n  T a b l e  6-11.  

Tab le  6-11. P R A  D a t a  

GS- 3 
M F  

1 

2 

10 

8 0 

MOD 60 C o u n t e r  
( n  = 0-59)  

S / C  T i m e  
L i n e  

Count  Func t ion  

1 I T w o  8 -b i t  s t a t u s  w o r d s  

11 

18 8 -b i t  P O L L 0  w o r d s  

20 8 -b i t  P O L L 0  w o r d s  

9 1 

No.  of 
B i t s  

20 8 -b i t  P O L L 0  w o r d s  

79 1 

T i m e  
E l a p s e d  

( s  

20 8 -b i t  P O L H I  w o r d s  

Bi t  a s s i g n m e n t s  f o r  P R A  s t a t u s  w o r d s  a r e  as  shown  o n  F i g u r e  6-28.  

In a l l  P R A  m o d e s  e x c e p t  POLHI, d a t a  a r e  s a m p l e d  e v e r y  30 ms. 
The f i r s t  w o r d  output  a f t e r  the s t a t u s  is a t  F D S  Coun t  in GS-3  
f o r m a t  p lus  0.08756944 s (27. 56944 ms i n t o  l i ne  2 of 100).  F o r  
POLHI the  f i r s t  w o r d  output  is s a m p l e d  a t  FDS Count  i n  GS-3 
f o r m a t  p l u s  0 .05756944 s (57.56944 ms i n t o  l i ne  1 of 100).  R e m a i n -  
ing a r e  s a m p l e d  e v e r y  6 9 . 4 4  ms t h e r e a f t e r .  

P R A  c o m m a n d  s t a t u s  is t r a n s m i t t e d  i n  M F  42. T h e  MS 16-bi t  w o r d  
is 12-b i t  Mode C o m m a n d  s e n t  t o  P R A  a t  l i ne  4 0 1  (5 th  P R A  s c a n  of ;a. 
4 8  :s i n t e r v a l ) .  The  s e c o n d  MS 16-bi t  w o r d  is the  12-b i t  C o n f i g u r a -  
t i on  C o m m a n d  l a s t  s e n t  t o  PRA as  of the  e n d  of l i ne  420.  



1 PHASE CALIBRATOR m MS 
I I MODE COMMAND BIT 12- 

1 SEE NOTE - 
SEE 

MODE COMMAND BIT 1 1 4  

r MODE COMMAND BIT 1 0 4  

4 -- 
OTE I SEE 1 

I MODE COMMAND BIT 9 4  

I I ADC INPUT 
POLARIZATION 

LOCAL OSCILLATOR LOOP L_LD 
OTE 1 SEE NOTE 1 LOWER CH = 1 UPPER = I CLOSED = 1 

UPPER CH = 0 LOWER = 0 NOT CLOSED = 0 

I LOCAL OSCILLATOR  LOO^ 

NOISE CALIBRATION PWR 

PREAMP SELECTED 

45 dB ATTENUATOR 

30 dB ATTENUATOR 

I 5  dB ATTENUATOR 

UNLOCKED = 1 DISABLED = 1 PWR O N  = I OPEN = 1 LOWER = I ATTEN IN = 1 ATTEN IN = 1 ATTEN IN = 1 
LOCKED = 0 ENABLED = 0 PWR OFF= 0 CLOSED = 0 UPPER = 0 ATTEN OUT = 0 ATTEN OUT = 0 ATTEN OUT = 0 

NOTE 1: - BIT BIT 
2345 2345 

- POLLO, ALTERNATING POLARIZATION - HARAD, ALTERNATING POLARIZATION - POLLO, DOES NOT ALTERNATE - HARAD, DOES NOT ALTeRNATE 
- LEVEL, ALTERNATING POLARIZATION. 

HARAD OFF 
0101 - LEVEL, ALTERNATING POLARIZATION, 

HARAD O N  
01 10 - LEVEL, DOES NOT ALTERNATE, HARAD OFF 
Ol ll - LEVEL, DOES NOT ALTERNATE, HARAD O N  

1000 - FIXLO, LOW BAND 
1001 - FIXLO, HlGH BAND 
1010 - VLOBR, LOW BAND 
1011 - MOBR, HlGH BAND 
I I00 - POLHI, LOW BAND, ALTERNATING 

POLARIZATION 
1101 - POLHI, HlGH BAND, ALTERNATING 

POLARIZATION 
l l I0  - POLHI, LOW BAND, DOES NOT ACTERNATE 
1 1 1 1 - POLHI, HlGH BAND, DOES NOT ALTERNATE 

Figure 6-28. P R A  Sta tus  \\'ord 



The m o d e  C o m m a n d  is s e n t  e v e r y  6 s s t a r t i n g  a t  t = 0.0025 s (2.5 ms 
in to  l ine  1). One out  of e v e r y  e igh t  Mode C o m m a n d s  is t r a n s m i t t e d  
i n  the  t e l e m e t r y  i n  M F  42. Conf igura t ion  C o m m a n d  is sent only 
when  a  change  h a s  b e e n  m a d e  (FDS s t o r e d  locat ion  updated  b y  CCS 
o r  ground o r  when  i n  Leve l )  20 ms a f t e r  the  command .  The  con-  
f igura t ion  c o m m a n d  is a l s o  t r a n s m i t t e d  i n  M F  42. 

* 6 1 .  2 .  10  MIRIS Da ta  (B i t s  1265- 1936).  MIRIS d a t a  i s  provided in a  672-bit 
f ie ld .  T h e  MIRIS F r a m e  i s  48  s long in Mode 1  (48 s  i n t e r f e r o g r a m )  
and 144 s  long in Mode 2  (144 s  i n t e r f e r o g r a m )  and begins  1 0  s a f t e r  
the  beginning of a  n o r m a l  ISS F r a m e  S t a r t .  T i m e  to  i s  the  s t a r t  (of 
the  48 s  pe r iod  when SCT60 MOD 3 i s  z e r o .  The con ten t s  of the  
MIRIS d a t a  f i e ld  is shown in Tab le  6 -  12. Included in M F s  15 and  1.8 
of t h i s  f ie ld  is the M I R E  housekeeping (HK) d a t a  shown i n  Tab le  6- ,13  
which  inc ludes ,  a s  w o r d  17, the  M I R E  S ta tus  W o r d  shown in F i g -  
u r e  6-29. When SCT60  MOD 3=0,8-bit  M I R E  eng inee r ing  d a t a ,  
cons i s t ing  of R.AD HI GAIN, RAD ANALOG, and NEON ANALOG, is 
output  i n  M F  16 a s  shown in  Tab le  6 -  14. Dur ing t h i s  pe r iod ,  the  
cornple te  con ten t  of M F  16 is as shown in F i g u r e  6-30. 

6 .  1 .  2 .  11 -- P P S  Data  (B i t s  1937-1 960). P P S  d a t a  i s  provided in a  24-bi t  f ie ld .  
The  f i r s t  14  b i t s  4 bi t  exponent  and 1 0  bi t  m a n t i s s a ,  a r e  the  log 
c o r n p r e s s e d  value  of a  20-bi t  word .  The l a s t  10  b i t s  a r e  s t a t u s .  
In fo rmat ion  conta ined in the  P P S  s t a t u s  word i s  shown on F i g u r e  6-31;  

F o r  conver t ing  the r ece ived  log c o m p r e s s e d  value  to DN (A,  B, DIV 
e x p r e s s e d  i n  d e c i m a l ) :  

The  80 s a m p l e  P P S  s c a n  is contro l led  by a  table  s t o r e d  i n  F D S .  
Sarnple 1 ,  S1, c o r r e s p o n d s  t o  the  f i l t e r  and a n a l y z e r  whee l  pos i -  
t ions  s t o r e d  i n  locat ion 1  of the 80 word  mode  t a b l e .  

T h e  t ab le  i s  f i r s t  s tepped through in  the  f o r w a r d  d i r e c t i o n  giving 
S1, S 2 ,  . . . . .  s 3 9  and S40.  Then i t  i s  s t epped  through the  r e v e r s e  
d i r e c t i o n  giving S40,  S39,  . . . . . S2 and S1 .  T h e s e  wi l l  b e  
r e f e r r e d  to  a s :  S ~ F ,  SzF,  . . . . . S 3 9 ~ 3  S40F, S 4 0 ~  S 3 9 ~ ,  . . . . . 
SZII, S I R .  The  comple te  sequence  t a k e s  48 s .  

The  beginning of l ine  1  i s  to .  S a m p l e s  a r e  taken e v e r y  600 ms ,  
s t a r t i n g  with S I F  whose  s a m p l e  i n t e r v a l  i s  0 . 0 6 7 5  s  to  0 . 4 6 7 5  s .  
The  output f o r m a t  i s  a s  fol lows:  

M F  1 ,  L C  1 i s  S I R  of p rev ious  sequence  N-1  

MF' 2 ,  LC 11 is S 1 ~  sequence  N 

M F  40,  LC 391 i s  S39F sequence  N 

MF' 41,  LC 401 i s  S40F sequence  N 



% Tab le  6-12. MIRIS Da ta  

62 I I n t e r f e r o g r a m  2072 - 2119 I 

MF 

6 1  

Contents  (672 B i t s )  

I n t e r f e r o g r a m  2024 - 2071 

6  3  

l 7  I 32 Off -Time116 Off -Time 

I n t e r f e r o g r a m  2120 - 2167 

1 4  

1 5  

1  6" 

l 8  1 5 O f f - T i m e ,  18HK1, 18HK2, I n t e r f e r o g r a m  1 - 7 

I n t e r f e r o g r a m  3653 - 3600 

I n t e r f e r o g r a m  3601 - 3648, 18HK3, 18HK4, 1 9  Off -Time 

48  o f f - ~ i m e "  

re, 

'See T a b l e  6-14  for MIRE d a t a  f i e ld  c o n t e n t s  w h e n  SCT60 MOD 3 = 0 ;  
seeFigure6-30forcompleteMFl6dataatthistime 

1 9  

59 

60 

* Tab le  new t h i s  i s s u e  ( A m e n d m e n t  B, 8 A p r i l  1977)  

I n t e r f e r o g r a m  8  - 55 

I n t e r f e r o g r a m  1928 - 1975 

I n t e r f e r o g r a m  1976 - 2023 



A Table  6-13. MIRIS Housekeeping Data 

,?:' Table  new t h i s  i s s u e  (Amendment  B, 8 A p r i l  1977) 

W o r d  No. 

1 

2 

3 

4 

5 

6 

7 

H 

0 

1 0 

1 1  

1 2  

1 3  

14 

15 

16 

1 7  

18 

F-unction 

Frarnck Sync 

R a d i o m e t e r  D a t a  

P r i m a r y  M i r r o r  Tempera tu r t :  ( C e n t e r )  

F a r  I R  T e m p e r a t u r e  

R a d i o m e t e r  De tec to r  T e m p e r a t u r e  

T3rinlary M i r r o r  T e m p e r a t u r e  (Edge)  

Opt ics  Holising T e m p e r a t u r e  

Mlche l son  Motor  T e m p e r a t u r e  

I n t e r f e r o m e t e r  T e m p e r a t u r e  

S r~con t l a ry  M i r r o r  T e m p e r a t u r e  

Nc.ar 1R Dt.tector T e m p e r a t u r e  

F;lc,ctronics Ter r lpe ra tu re  

I'ositivc Rcftxrencc Vol ts  

Z e r o  R e f e r e n c e  Volts  

Nchgative R e f e r e n c e  Vol t s  

'r hcr t r l i s tor  R e f e r e n c e  Iroltage 

S ta tus  Word 

F r a m e  Sync 



M L A Y  G E N L R A l O I  STATUS 

SUBSY51EM M O D E  

CHOPSZR M O D E  

Ph IASL-LCCKLV L O O P  

m 
I N O 1  U S L D  

Q N O 1  U S I D  
Co 

4 5 6 
I N  1 r X K  1 OVLkI  JE = I CVERRIDE  = l SL t  NOTE 7 SEE N O T E  2 
OUI 'Jc NOP!.'nL = 0 Y O H M L  - 0 
:cc*. - S 

(SEE 'SEE 
SEE N O T !  I )  N O T E  1 )  1 la.) - 0 

N O l E  1 )  

N O T [  1. IBIS 
STATUS W O R D  
I S  BITS I ,  2, 
A N D  3 O N L Y  

A F i g u r e  6-29.  MIRIS/IRIS S ta tus  W o r d  ( S - 7 2 7 )  

* F i g u r e  new this i s s u e  ( A m e n d m e n t  B, 8 A p r i l  1977)  



Table  6-14. MIRIS Eng inee r ing  D a t a  

RAD ANA. 1 2 7 3  - 1 2 8 0  

D a t a  

I NEON ANALOG 1 2 8 1  - 1 2 8 8  

Bi t s  

RAD HI GAIN 1 2 8 9  - 1 2 9 6  

RAD ANAL 1 2 9 7  - 1 3 0 4  

NEON ANALOG 1 3 0 5  - 1312  

RAD HI GAIN 1 2 6 5  - 1272  

RAD HI GAIN 1 3 1 3  - 1 3 2 0  

RAD ANA 1321  - 1 3 2 8  

NEON ANALOG 1 3 2 9  - 1 3 3 6  

S a m p l e  T i m e  

S C T 6 0  
MOD 3  1 ~ i n e  ( t o t ( s )  

Table new t h i s  i s s u e  ( A m e n d m e n t  B, 8 Apr i l  1977) 



Jk Table 6-14. MIRIS Engineer ing Data (contd)  

Data  I Bits 

RAD HI GAIN 1817 - 1824 

RAD ANA 1825 - 1832 

NEON ANALOG 1833 - 1840 

Sample  T i m e  

SCT60 
MOD 3 Line to t ( s )  



i Repeat of off-time data bits from previous frame used to make 
the length of the engineering data block equivalent to the 
off-time data block. 

WORD h-8 BITS -3 

t iEntr  indicates word number of 3840 words 
(w i t i  the number of 99 off-time words at end of MlRiS data) 

Figure 6-30.  MF16 with MIRE Engineering Data 

*Figure new this issue (Amendment B, 8 April 1977) 

A 

NO. 

1 

2 

3 

4 

r 
72 

73 

74 

75 

76 

77 

78 

79 

80 

8 1 

82 

83 

84 
. 

I I I 

RAD HI GAIN 

RAD ANA 

NEON ANALOG 

RAD Hi GAIN 

t 
NEON ANALOG 

12 LSBsT OF 37661 t (25/99) 

I 
3803 (62/99) 

I 
3804 (63/99) 

3805 (64/99) 

I 
3806 (65/99) 

I 
3807 (66/99) 

I 
3808 (67/99) 



f IlTER POS F I L T H  W S  FILTER POS A N 4  W S  A M P 0 5  A N *  POS OVERFLOW FLAG J-MODE O N  - 1 OUT OF HV OFF = 1 
mn I nn 2 817 3 on I BIT 2 an 3 ON - I 
(SEE NOTE I )  (SEE NOTE I) (SEE NOTE 1) (SEE NOTE 2) (SEE NOTE 2) J -MODE OFF I 0 CRCulT = HV O N  r 0 

m (SEE ') OVERFLOW FLAG I N  CRCUIT = 0 
OFF - 0 

I 

FILTER POSI I ION  BIT I 

NOTE 2 ANALYZER POSITION 

ANALYZER 

I l l  

2 

- FILTER POSITION BIT 2 

3 4 5 

ANALYZER POSITION BIT 2 

6 

ANALYZER POSITION BIT 3 

7 

OVERFLOW FLAG 



MF' 42, LC 411 is S40R sequence N 

ME' 79, LC 781 is SgR sequence N 

ME' 80, LC 791 is S2R sequence N 

The P P S  Command is i n  M F  31, LC = 301 (bits 97-112). I 
*6.1.2.12 UVS Data  (Bi ts  1961-2160). A dua l  64-word r e g i s t e r  accumula tes  

counts f r o m  the 128 diode ( D l  - D128) de tec to r .  The  FDS samp le s  1 
t h e se  two r e g i s t e r s  by taking one 16- bit word  f r o m  each  r e g i s t e r  
e v e r y  60 ms. The Reg i s t e r  Load Gate p e r f o r m s  th i s  function. All 
64  word  p a i r s  a r e  r e a d  out e v e r y  3.84 s. In 96 s ,  the  64 word p a i r  
s c a n  wi l l  be r e a d  out  25 t imes .  E a c h  16-bit  word  is l og -compres sed  
t o  10 bits  by the FDS. The  10 bits c o m p r i s e  a 4-bit  exponent "A", 
and a 6-bit  m a n t i s s a  "B". 

F o r  conver t ing the rece ived  log c o m p r e s s e d  value  to DN ( A ,  B, DN 
exp re s sed  in dec ima l ) :  

The  Word A d d r e s s  R e s e t  (WAR) s ignal  f r o m  the FDS synchronizes  
the sampl ing by set t ing the UVS word a d d r e s s  counter  to word pa i r  1 
( s a m p l e s  D l  and D l ) .  The  WAR o c c u r s  twice in a 96 s cycle:  
a t  t  = 5 m s  ( 5  m s  into M F I ,  MOD 60 = EVEN) and a t  t  = 49. 925 s 
( a t  the s t a r t  of the 14th scan) .  The  f i r s t  word pa i r  t r a n s f e r r e d  to 
FDS is word pa i r  in M F 1  i s  word pai r  64  (D l27  and D128) of the 
previous  scan .  Thus  the f i r s t  M F  cons i s t s  of twenty 10-bi t  words  
(200 bi t  f ield)  a s  follows: 

D127' D128 
( f r o m  previous  scan) ,  D l ,  D2, D3, . . . . D16, D17, D18. 

E a c h  M F  contains t en  p a i r s  of 10-bit  words  o r  twenty 1 0-bit wordis 
total .  The sequences  r e p e a t  e v e r y  96 s and,  being longer  than  48 s , 
r equ i r e  both MOD 60 counter  and l ine count  f o r  decommutat ion . 
UVS da ta  f o r m a t  i s  shown in Table 6-  15. 
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T a b l e  6-15. UVS Da ta  

T h e  UVS C o m m a n d  is i n  M F  41,  LC = 401  (b i t s  65-80).  T h i s  w o r d  
c o n t a i n s  the s t a t u s  of t h e  4 b i le .ve l  c o m m a n d  l i n e s  the  F D S  is send ing  
t o  UVS as of t = 0. 010  s (10 ms in to  l i n e  1 )  w h e n  F D S  u p d a t e s  t h e s e  
l i n e s  . 

6 . 2  G e n e r a l  S c i e n c e  a n d  E n p i n e e r i n g  F o r m a t  (GS-2) 

2 

N o .  of 
B i t s  

200 

200 

200 

2 0 0 

T h e  GS-2 f o r m a t ,  shown  in F i g u r e  6-32,  is u s e d  t o  a c q u i r e  h igh  
r a t e  PRA da ta .  T h e  d a t a  c o n s i s t s  of 8 0 0  8 - b i t  s a m p l e s  t aken  a t  
1 1 5 . 2  k b p s .  The P R A  is o p e r a t e d  i n  t h e  POLHI m o d e  w h e n  u s i n g  
t h i s  f o r m a t .  

F u n c t i o n  

Twen ty  10-b i t  w o r d s  

( D 1 2 7 , D 1 2 8 3 D l , D 2 ,  . . . D 1 6 , D 1 7 ~ ~ 1 8 )  

T w e n t y l O - b i t w o r d s  

(Dl92D20 jD21 ,  . . . D 3 7 , D 3 8 )  

Twen ty  10 -b i t  w o r d s  

( D 1 ~ 7 J D 1 0 8 J D 1 0 9 , .  .D1249D125*D126)  

( D 1 2 7 , D 1 2 8 , D l ,  D2,  . . . D 1 6 , D 1 7 ~ D 1 8 )  

L ine  
Count  

1 

11 

791 

1 

M F  

1 

2 

8 0 

1 

MOD 60 C o u n t e r  
(n = 0-59)  

n 

n 

ni-1 

nS2 
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Figure  6-32. GS-2 F o r m a t  

This format i s  identical to the IM-3 format  (described in paragraph 
7. 1) with the following exceptions: 

PRA DATA 
800 8-BIT 

WORDS 

(6400) 

a )  GS-2 form at ID word i s  defined i n  Section 3 .1 .  2 of this 
document. 

GSLE 
(GS3) 

(432) 

b) Pixel data i s  replaced by 800 8-bit PRA data words. d 

ISS 
STATUS/ 
ENGRG 

(16) 

c )  Only the s tatus  par t  of the P R A  data field in the imbedded 
GS-3 format  i s  meaningful. It is  updated every  6 s (normal  
r a t e ) .  The remaining PRA bits represent  a re-readout  of 
the last  scan pr ior  to entering this mode. 

Ll NE 
COUNT 

(10) 

P R A  will operate the f i r s t  24 s (lines 1-400) using stored frequency 
F1 and the last  24 s of each 48 s interval using frequency F2 .  F 1  
and F 2  a r e  special  frequencies stored for  the GS-2 mode that a r e  
n o t  used in other modes.  

MOD 60 
COUNTER 

(6) 

The intended operational use of the GS-2 and GS-4 formats  i s  to 
al ternate  collection of PRA and PWS data for  48 s periods.  I 

MOD 16 
COUNTER 

(8) 

FSC 

(32) 

6 . 3  General Science and Engineering Format  (GS-4) 

FORMAT 
ID 

(8) 

The GS-4 format ,  shown in Figure 6-33, i s  used to acquire  high r a t e  
PWS data. The data consis ts  of 1600 4-bit samples  taken a t  
115.2  kbps, and the format  i s  identical to  that of the IM-3 format  
(descr ibed in paragraph 7 .  1)  with the following exceptions: I 
a )  GS-4 format  ID word i s  defined in Section 3.1.2 of this 

document. 

b) Pixel data i s  replaced by 1600 4- bit P W S  ADC data words. I 
PWS data in the GS-3 imbedded format  i s  not changed. 

The intended operational use of the GS-4 and GS-2 formats  i s  to 
al ternate  collection of PRA and PWS data for 48 s periods.  



1- 6 9 1 2  BITS 

F i g u r e  6 - 3 3 .  GS-4 F o r m a t  

S p e c i a l  Occu l t a t i on  F o r m a t  (OC- 1 )  

T h e  O C - 1  f o r m a t  i s  u sed  du r ing  s o l a r  and s t e l l a r  occul ta t ion  
p e r i o d s  t o  a c q u i r e  g e n e r a l  s c i e n c e  and  e n g i n e e r i n g  d a t a .  To  
p rov ide  the h i g h e r  d a t a  r a t e s  r e q u i r e d  by  the P P S  and UVS in 

I t h i s  f o r m a t ,  the  d a t a  i s  not Golay  coded and the  MIRIS a l loca t ion  
i s  r e d u c e d .  T h e  d a t a  i s  rou ted  t o  the  MDS and DSS f o r  opt ional  
r e  c o r d i n g .  

ISS 

ENGR 

( 1 6 )  

FSC 

( 3 2 )  

* 6 . 4 .  1 D a t a  Con ten t  

MOD 6 0  
C O U N T E R  

( 6 )  

T h e  O C -  1 f o r m a t  i nc ludes  m e a s u r e m e n t s  f o r  t h e  fol lowing 
i n s t r u m e n t s :  

GSPrE 
'GS3) 

( 4 3 2 )  

LINE 
COUNT 

( 1 0 )  

FORMAT 
ID 

(8)  

C R S  P W S  UVS MIRIS P L S  

P R A  L E C P  MAG P P S  

PWS DATA 
1 b 0 0  4-BIT  

WORDS 

(b -400)  

MOD 1 6  
C O U N T E R  

( 8 )  

T h i s  f o r m a t  a l s o  con ta ins  S / C  e n g i n e e r i n g  d a t a  and S / C  t i m e  

6 . 4 . 2  O C -  1  F r a m e  S t r u c t u r e  

F i g u r e  6-34 s h o w s  one  m i n o r  f r a m e  ( M F )  of OC-1  d a t a .  A s  ind ica ted  
one  M F  i s  a t i m e  p e r i o d  of 0 .  6  s with a f r a m e  length  of 4320  b i t s .  
T h i s  i n f o r m a t i o n  i s  t r a n s m i t t e d  a t  a  d a t a  r a t e  of 7 2 0 0  b p s .  One  M F  
c o v e r s  10  ISS l i n e s .  S ince  t h e r e  a r e  800 ISS l i n e s  p e r  p i c t u r e  
( 4 8  s ) ,  t h e r e  a r e  80  OC-1 M F s  p e r  48 s e c o n d s .  

6 .  4 . 2 .  1  F r a m e  Synchron iza t ion  and  T i m e  ( B i t s  1 - 3 2 ,  41 - 6 4 ) .  F o r m a t  and 
t i m e  ident i f ica t ion  a r e  d e s c r i b e d  i n  Sec t ion  3  of t h i s  doc l lment .  

6 . 4 .  2 .  2 F o r m a t  ID ( B i t s  3 3 - 4 0 ) .  

F o r m a t  ID w o r d  f o r  O C - 1  is de f ined  i n  Sec t ion  3 .  1 .  2  of t h i s  
d o c u m e n t .  

a F i g u r e  n e w  t h i s  i s s u e  ( A m e n d m e n t  B, 8 A p r i l  1977) 
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F i g u r e  6-34. One Minor F r a m e  of OC- 1 

I 

6 . 4 .  2.  3 GS-3 Data  (Bi ts  65-1264). With the exception of f o r m a t  ID, the 
f i r s t  1264 bits  of OC-1 a r e  the s a m e  f o r m a t  a s  GS-3. 

6 . 4 . 2 . 4  MIRIS Engineer ing Data  (Bi ts  1265-1288). MIRIS engineer ing da t a  
i s  ~ r o v i d e d  in a 24-bit  f ie ld .  This  i s  used to  t r a n s m i t  t h r e e  8-bi t  I 

PPS 

w o r d s ,  RAD HI GAIN, RAD ANALOG, and NEON ANALOG in that  
o r d e r .  Sampling of these  words  i s  the s a m e  a s  fo r  GS-3. I 

UVS PRA 

6 . 4 ,  2. 5 F i l l e r  (Bi t s  1289-1 306). Eighteen f i l l e r  bi ts  a r e  r equ i r ed  to  make 
the s u m  of MIRIS and P P S  bit f ie lds  an in teger  mult iple of 16 b i t s .  1 

(614) 

MAG 

6 . 4 .  2.  6 - PPS Data  (Bi ts  1307-1920).  E v e r y  10 m s  the FDS  will  load a 
30-bit s amp le  f r o m  P P S .  The f i r s t  20 bi ts  a r e  log compres sed  to 
14 b i t s ,  a 4 bi t  exponent ca l led  A and a 10 bit m a n t i s s a  ca l led  B .  
The l a s t  10 bi ts  of the 30-bit s a m p l e  a r e  s t a t u s .  This  r e su l t s  in a 
complete  s amp le  being 24 b i t s .  In e ach  M F  the  FDS  will  output: 

( 2 4 1 q  (1 60) 

MIRIS ENGRG 

a)  Bi t s  1307- 1330. One complete  24-bit s amp le  ( each  i s  a 
4-bi t  exponent, 10-bi t  m a n t i s s a ,  10-bit  s t a tus ) .  

FILLER 

(450) 

FILLER LECP LINE 
COUNT FSC 

b )  Bi t s  1331- 1920. Fif ty-nine 10-bit  log-compressed  s amp le s  
whe re  each  s amp le  i s  compr i sed  of the 3 LSBs of the expo-  
nent and the 7 MSBs of the m a n t i s s a .  

(24) 

CRS 

(24) 

SUBCOM MOD 16 
COUNTER 

FORMAT 
ID 

F o r  conver t ing the received log c o m p r e s s e d  value to DN (A, B,  
DN exp re s sed  in dec ima l ) :  

(18) (2) (360) (1 0) 

MOD 60 
COUNTER 

(32) 

a 6 .  4. 2. 7 UVS Data (Bi t s  1921-4320). Content of the UVS da t a  is shown i n  
Table  6-16. A dua l  64-word r e g i s t e r  accumula tes  counts f r o m  the I 

(156) (48) 1%) (8) 

128 diode (D l  - D128) de t ec to r ,  and the FDS s a m p l e s  these  two 
r e g i s t e r s  by taking one 16- bit word each  5 ms. Each  16- bit word I 

(6) 



I Table 6 -  16.  UVS Data 

i s  log-compressed to 10 bits by the FDS. The 10 bits compr ise  a 
4-bit exponent, A, and a 6-bit man t i s sa ,  B. Each M F  contains 120 
p a i r s  of 10-bit words ,  o r  near ly  two full UVS scans .  The sequence 
repea ts  i tself  in  t ime  every  4 .8  s (8  MFs  o r  15 s cans ) .  

M F  

1 

2 

8 

The Word Address  Rese t  (WAR) signal f r o m  the FDS synchronizes 
the sampling by sett ing the  UVS word add re s s  counter to word pa i r  1 
( samples  Dl  and D2). Since the f i r s t  sample  occurs  a t  t  = 2.5 m s  
and the f i r s t  Word Address  Reset  occu r s  a t  t  = 5.0 m s ,  Dl and D2 
a r e  the second pa i r  of words read  out of the UVS. Due to a through- 
put delay i n  the FDS, the f i r s t  two words  r ead  out i n  MF1 a r e  D125 
and Dl26 of the previous scan.  Time re fe rence  t = 0 i s  LC = 1 and 
MOD 60 = even. 

F o r  converting the received log compres sed  value to  DN ( A ,  B, 
DN expressed  in decimal):  

Line 
Count 

1 

11 

7 1 

Scan 

1 

2 

15 

Function 

240 1 0-bit words  
( D 1 2 5 1 " ' S  D128, D2,"  , 
D128, 9 D2,  " , 08) 

240 10-bit words  

(D109' Dl . . . D128' D l '  D 2 ' .  . . 
Dl 28'  D l '  . . . ' Dq2) 

240 10-bit words  
(D13. D14, . . . 9 Dl289 Dl  D 2 ' .  . 9 

D124) 

No. of 
Bits 

2400 

2400 

2400 



ENCOUNTER IMAGING DATA FORMATS 

lmaging Mode 3 (IM-3) 

The IM-3 format  is  used for the rea l - t ime t ransmission and 
recording (optional) of full resolution imaging data with a f r ame  
time of 48 s .  Five types of camera  operation a r e  possible: 

1) Alternating camera  

2 )  NA only 

3) WA only 

4)  Simultaneous exposure 

5) Long exposure.  

7 . 1 . 1  Data Content 

The IM-3 format  includes imaging science data a s  well a s  imbedded 
GS&E data using the GS-3 format .  

7 . 1 . 2  IM-3 F r a m e  Structure 

Figure 7-  1 shows one minor f r a m e  (MF)  of IM-3 data.  As indicatf:d 
one MF comprises  a t ime period of 60 m s  with a f r ame  length of 
69 12 bits corresponding to a data rate of 11 5 .  2 kbps. The following 
sections descr ibe each field of the IM-3 f r a m e .  

I- 6912 BITS 

Figure 7-1'. One Minor F r a m e  of IM-3 

7 . 1 . 3  F r a m e  Synchronization and Time (Bi t s  1 - 32, 41 - 64) 

F r a m e  and t ime identification a r e  descr ibed in  Section 3 of this 
document. 

GSBE 
(GS3) 

(432) 

ISS 
STATUS/ 
ENGRG 

(16) 

M O D  I 6  
COUNTER 

(32) (8) 

7 . 1 . 4  Format  ID Word (Bi t s  33-40) 

ISS PIXEL 
DATA 

800, 8-BIT 
PIXELS 

(6400) 

F o r ~ n a t  ID n.ord for IM-3 i s  defined in Section 3 .  1.  2 of this 
document. 

M O D  60 
COUNTER 

(6) 

LINE 
COUNT 

(10) 



7 .  1 .  5 ISS S t a t u s  / E n g i n e e r i n g  D a t a  ( B i t s  65-  80)  

ISS s t a t u s  and  e n g i n e e r i n g  d a t a  i s  p rovided  i n  a  16-b i t  f ie ld a s  
shown i n  'Table 7- 1, T h i s  f i e l d  is t i m e  s h a r e d  t o  t r a n s m i t  20 d i f f e r -  
e n t  f i e l d s  a s  qhown i n  the  t a b l e .  L i n e  coun t  one  and  s u b c o m  
pos i t ion  one  i s  t he  s t a r t  of t h e  s u b c o m m a n d  s e q u e n c e .  T h e  s e q u e n c e  
wi l l  r e p e a t  40 t i m e s  b e f o r e  l ine  count  r e t u r n s  to o n e .  T h i s  f ie ld 
w i l l  b e  modi f ied  t o  inc lude  which  type  of c a m e r a  o p e r a t i o n  i s  being 
p e r f o r m e d  a s  w e l l  a s  w h e t h e r  a c t u a l  v ideo  d a t a  o r  f i l l e r  i s  being 
t r a n s m i t t e d .  T h e s e  d a t a  a r e  t he  s a m e  a s  t he  f i r s t  20  w o r d s  of t he  
GS-3  s u b c o m .  

7 . 1 . 6  G e n e r a l  Sc i ence  and E n g i n e e r i n g  ( B i t s  8  1 - 5 1 2 )  

T h e  GS-3  f r a m e  of d a t a  is mul t ip l exed  in to  the I M - 3  f r a m e  in t h i s  
f i e ld .  T h i s  is a c c o m p l i s h e d  i n  t e n  l i n e s  a s  shown in  Tab le  7-2. 
Note t h a t  f i ve  of t h e s e  432-b i t  f i e ld s  conta in  p a r t s  of the  GS-3  
f r a m e  wh i l e  t h e  o t h e r  f ive  con ta in  Golay  code  b i t s .  The  imbedded  
GS-3 t i m e  r e l a t i o n s h i p  t o  IM-3 M F  t i m e  i s  - 10  l i ne  coun t s .  

7 . 1 . 7  P i x e l  D a t a  ( B i t s  51 3-691 2)  

T h i s  is a  6400-bi t  f i e ld  u s e d  t o  t r a n s m i t  800  8 -b i t  p ixe l s .  Depend- 
ing  o n  the  type  of c a m e r a  o p e r a t i o n  involved ,  c o n s e c u t i v e  48 s  M F ' s  
m a y ,  o r  m a y  no t ,  con ta in  a c t u a l  v ideo  d a t a .  

I m a g i n g  M o d e  2  ( IM-2)  

T h e  I M - 2  f o r m a t  i s  u sed  t o  r e c o r d  fu l l  r e so lu t ion  i m a g i n g  d a t a  with 
a f r a m e  t i m e  of 48  s  (u s ing  the  I M - 3  f o r m a t )  whi le  s i m u l t a n e o u s l y  
t r a n s m i t t i n g  the  GS-3  f o r m a t  i n  r e a l  t i m e .  F i v e  t y p e s  of c a m e r a  
o p e r a t i o n  a r e  poss ib l e  a s  i n  I M - 3 .  D a t a  f o r m a t  i s  i den t i ca l  to  I M - 3  
e x c e p t  f o r  F o r m a t  ID .  F o r m a t  ID f o r  I M - 2  i s  def ined  i n  S e c -  
t ion 3.  1 .  2  of t h i s  d o c u m e n t .  

7 . 3  Imag ing  Mode  4  ( IM-4)  

I M - 4  i s  a  314 ed i t ed  v e r s i o n  of I M - 3 .  T h e  d a t a  r a t e  f o r  t h i s  f o r m a t  
i s  8 9 . 6  kbps  and i t  i s  in tended  t o  be  used  when the  t e l e c o m m u n i c a -  
t ion link capab i l i t y  wi l l  not  s u p p o r t  r e a l  t i m e  i m a g i n g  d a t a  
t r a n s m i s s i o n  a t  a  h i g h e r  r a t e .  T h i s  f o r m a t  i s  i den t i ca l  to I M - 3  
e x c e p t  f o r  a  s m a l l e r  p ixe l  f i e l d ,  spec i f i ca l ly :  

a )  F o r m a t  ID f o r  I M - 4  i s  def ined  i n  Sec t ion  3.  1 .  2 of t h i s  
d o c u m e n t .  T h i s  i s  the  on ly  excep t ion  in  t he  f i r s t  512 b i t s  
of the  f o r m a t  inc luding  the imbedded  GS-3  d a t a .  



Table 7-1. ISS Status /Engineering Data (sheet  1 of 3)  \ 

Line 
Count 

1 

2 

3 

Bit 
N o .  

65 

66 -80 

65-80 

65-69 

70  

7 1 

72-76 

77-80 

Function 

Camera  ID: "0" = WA, " I  ' I  = NA 

Shuttered Pic ture  Indicator: A l l  ones indicate shuttered 
picture.  All zeros indicate no shuttering 

Slow Scan Status 

Spare (bits = "Ott) 

NA Electronics  Cal Status: "1" = ON, "0" = O F F  

WA Electronics  Cal Status: "1" = ON, "0" = O F F  

Actual Exposure Time: This word identifies the number 
that corresponds to an exposure t ime and the c a m e r a  
used during the prepare  cycle. Bit 8 is MSB. This word 
does not indicate long exposures.  

WA Camera: "0" I f rom bit 65  
NA Camera: "1" 

Actual F i l te r  Position: This word indicates the f i l ter  
wheel position for  the picture being read  out. Bits 13- 15  
a r e  the 3-bit f i l ter  position number and bit 16 i s  odd 
parity bit. 

Bits 
Position 77  7 8  79  80 

1 0 0 1 0  

2 0 1 0 0  

3 0 1 1 1  

4 1 0 0 0  

5 1 0 1 1  

6 1 1 0 1  

7 1 1 1 0  

8 0 0 0 1  
- 



Line 
C oun t 

'&'able 7-1. ISS Status/Engineering Data (sheet 2 of 3) 

Bit 
No. Function 

65-80 

65-68 1 Spare (bits = "0") 

Picture Count: This word i s  incremented once for each 
shuttered picture and is  rese t  by command frame CCS 

65-80 

Parameter  A Indicator Bits: Indicator bits used in 

68-80 I current  ISS frame 

Parameter  Word A: Present  value used in current  ISS 
f rame 

65-66 1 Spare (bits = "0") 

67-80 

65-66 1 Spare (bits = "0") 

Parameter  A Word Pointer: Address in FDS memory 
where next parameter A word pair i s  stored 

65-80 Parameter  Word B: Present  .value used in current  
ISS frame 

I Parameter  Word C: Present  .value used in current  
ISS f rame 

67-80 

65-66 1 Spare (bits = "0") 

Parameter  Word B Pointer: Address in FDS memory 
where next parameter B word pair is stored 

66-80 

65-68 1 Spare (bits = "0") 

Parameter  Word C Pointer: Address in FDS memory 
where next parameter C word pair i s  stored 

65-80 Parameter  Word D: Present  value used in current  
ISS frame. 

65-66 1 Spare (bits = "0") 

69-80 Parameter  D Indicator Bits: Indicator bits used in cur-  
rent ISS frame. 

65-80 1 ISS Analog Engineering Telemetry 

67-80 

65-72 1 F i r s t  WA sample taken in previous ISS frame 

Parameter  Word D Pointer: Address in FDS memory 
where the next parameter D word is  stored 

1 65-72 1 Second WA sample taken in previous ISS f rame 

1 73-80 1 Second NA sample taken in previous ISS frame 



.'$k Table 7-1. ISS Sta tus  /Eng inee r ing  Data  ( s h e e t  3 of 3)  

Line  
Count 

Bit  
N o .  Func t ion  

T h i r d  WA s a m p l e  taken in  p rev ious  ISS f r a m e  

T h i r d  NA s a m p l e  taken in  p rev ious  ISS f r a m e  

F o u r t h  WA s a m p l e  t aken  in  p rev ious  ISS f r a m e  

F o u r t h  NA s a m p l e  taken in  p rev ious  ISS f r a m e  

F i f t h  WA s a m p l e  t aken  in  p rev ious  ISS f r a m e  

F i f th  NA s a m p l e  taken i n  p rev ious  ISS f r a m e  

P i x e l  A v e r a g e  Sta tus  : A "1 " i nd ica tes  m o r e  than the  
m i n i m u m  n u m b e r  of pixels  w e r e  used in  the pixel  a v e r -  
age  ca lcula t ion  and the  e x p o s u r e  t i m e  can  b e  modified 
based  on th i s  a v e r a g e  i f  i n  the a u t o  e x p o s u r e  mode.  
A " 0 "  i nd ica tes  l e s s  than the  m i n i m u m  was u s e d  a n a  
the  e x p o s u r e  t i m e  cannot  be  modified based  on th i s  
a v e r  age  

P i x e l  Ave r a g e :  I s  based  on a  s u m  of the 5 MSBs of a l l  
pixels  exceeding the p r o g r a m m e d  th resho ld  of the  
c a m e r a  r e a d  out in  the p rev ious  ISS f r a m e  

ISS G1 Voltage 

"000" = Least Negat ive  G1 Vol tage  
100 
010 
110 
001 
101 
01 1 

"11 1" = M o s t  Negat ive  G1 Vol tage  

ISS Ga in  Sta tus  ("0" = Low Gain,  "1" = High Gain)  

FDS Dest ina t ion  Code  

5 WA C a m e r a  

6 NA C a m e r a  



~ 1 ~ ~ 7 7 - 3 - 2 8 0  B 

 able 7-2. GSSrE Da ta  

b) T h e  f r a m e  l eng th  is 5376 b i t s .  

c )  T h e  p ixe l  f ie ld  i s  4864 b i t s  ( r a t h e r  than  6400 b i t s  a s  in I M - 3 ) .  
E igh t -b i t  p ixe l s  97 th rough  704 ( the  c e n t e r  608)  a r e  output i n  
e v e r y  l i n e .  

Con ten t s  

1 s t  432 b i t s  of 2160 bit' GS-3  hTF. 

Golay  code  b i t s  (432)  f o r  GS-3  b i t s  output in l ine 1 .  

2nd 432 b i t s  of 21 60 bi t  GS- 3  A I F .  

Golay  code  b i t s  (432)  f o r  G S - 3  b i t s  output  i n  l ine 3 .  

3 rd  432 b i t s  of 21 60 bi t  GS- 3  h l F  . 

Golay  code  b i t s  (432)  f o r  GS-3  b i t s  output in l ine 5 .  

4th 432 b i t s  of 2160 bi t  GS- 3  M F .  

Golay  code  b i t s  (432)  f o r  G S - 3  b i t s  outptlt in l ine 7 .  

5th 432 b i t s  of 21 60 b i t  GS- 3  m i n o r  f r a m e .  

Golay  code  b i t s  (432)  f o r  GS- 3  b i t s  o u t p ~ ~ t  in l ine 9 .  

IM- 3  
L ine  

Count  

T h e  ISS f r a m e  t i m e  r e m a i n s  the s a m e  a t  48  s  

Sequence  
r e p e a t s  
e v e r y  
10 l i n e s  

Imag ing  Mode  5  ( IM-5)  2: 1  Slow Scan  

1  

2  

3  

4  

b 5 

6 

7  

8  

9  

10 

I M - 5  i s  used  t o  t r a n s m i t  fu l l  r e s o l u t i o n  imag ing  d a t a  with a  f r a m e  
t i m e  of 96  s .  T h e  d a t a  r a t e  f o r  t h i s  f o r m a t  i s  67 .  2  k b p s .  In t h i s  
m o d e  a l i ne  of ISS d a t a  (6400 b i t s  o r  800 8-bi t  p i x e l s )  i s  r e a d  into 
the  FDS i n  o n e  l i ne  t i m e  (60 m s )  a n d  r e a d  out  i n  two l i n e  t i m e s .  
F o u r  t y p e s  of c a m e r a  o p e r a t i o n  a r e  poss ib l e :  1 )  a l t e r n a t i n g  
c a m e r a ,  2)  NA on ly ,  3 )  WA only  o r ,  4) s i m u l t a n e o u s  e x p o s u r e .  
T h e  f o r m a t  is  i d e n t i c a l  t o  IM-3 e x c e p t  f o r  the  following: 

a )  F o r m a t  ID f o r  IM-5 is de f ined  i n  S e c t i o n  3 . 1 . 2  of t h i s  
d o c u m e n t .  



b)  ISS S ta tus /Engr  f ield wi l l  be modif ied  t o  inc lude  which one-half 
of the  p i c t u r e  is being r e a d  ou t ,  t he  type  of c a m e r a  o p e r a t i o n  
involved,  and  whe the r  a c t u a l  v ideo  d a t a  o r  f i l l e r  is being 
t r a n s m i t t e d .  

c )  Excep t  a s  noted i n  a)  and b)  the  f i r s t  512 b i t s  of the  IM-5 
f o r m a t  a r e  iden t i ca l  t o  the  f i r s t  512 b i t s  of the  IM-3 f o r m a t .  

d )  T h e  pixel  f ield r eadou t  c o m p r i s e s  3520 b i t s  and r e p e a t s  e v e r y  
two i n c r e m e n t s  of the  l ine  count  f ie ld :  

1)  8-bi t  pixels  1-440 of l ine  N .  

2) 8-bi t  p ixe ls  441 - 800 of l ine N + 640 f i l l e r  b i t s .  

3) 8 -b i t  p ixe ls  1-440 of l ine  N + 1 .  

4)  E t c  . . .  

7. 5 l r n a g i n g l ~ o d e  6 (IM-6, 112 E d i t  

IM-6  i s  used to  t r a n s m i t  a  nea r ly  112 edited v e r s i o n  of IM-3 .  Th'e 
d a t a  r a t e  f o r  th i s  f o r m a t  i s  67. 2 kbps .  T h i s  f o r m a t  i s  ident ica l  tlo 
IILI- 3 excep t  f o r  the  following: 

a )  F o r m a t  ID f o r  I M - 6  i s  defined i n  Sect ion  3 .  1 .  2 of th i s  
document .  

b )  The  f r a m e  length is 4032 b i t s .  

c )  T h e  pixel  f ield i s  3520 b i t s .  E igh t -b i t  p ixe ls  181 through 620 
( the c e n t e r  440) a r e  output  e v e r y  l i n e .  

The ISS f r a m e  t i m e  r e m a i n s  the  s a m e  a t  48  s  

7. 6 Imaging Mode 7 (IM- 7) 3: 1 Slow Scan 

Ih4-7 i s  used to  t r a n s m i t  ful l  resolu t ion  imaging d a t a  with a f r a m e  
t i m e  of 144 s .  The  d a t a  r a t e  f o r  th is  f o r m a t  i s  44 .  8 kbps .  In th i s  
mode  a l ine of ISS d a t a  (6400 bi t s  o r  800 8-bi t  p ixe l s )  i s  r e a d  into, 
the  F D S  in  one l ine  t i m e  (60 m s )  and r e a d  out  in t h r e e  l ine t i m e s .  
F o u r  types  of c a m e r a  opera t ion  a r e  poss ib le :  1)  a l t e rna t ing  
c a m e r a ,  2) NA a s y m m e t r i c ,  3) WA a s y m m e t r i c  o r ,  4 )  a s y m m e t r i c  
s imul taneous  e x p o s u r e .  The  f o r m a t  i s  ident ica l  to  IM-3 excep t  f o r  
the  following: 



a) F o r m a t  ID f o r  IM-  7 is def ined  i n  Sec t ion  3 .  1 .  2  of t h i s  
d o c u m e n t .  

b )  ISS S t a t u s I E n g r  f ie ld w i l l  b e  modi f ied  to  inc lude  which 
o n e - t h i r d  of the  p i c t u r e  i s  be ing  r e a d  ou t ,  the  type  of c a m e r a  
o p e r a t i o n  involved ,  and  w h e t h e r  a c t u a l  v ideo  d a t a  o r  f i l l e r  i s  
be ing  t r a n s m i t t e d .  

c )  E x c e p t  as noted  i n  a)  a n d  b ) ,  t he  f i r s t  512 b i t s  of t he  
IM- 7 f o r m a t  a r e  i d e n t i c a l  to  t h e  f i r s t  51 2 b i t s  of t h e  IM-3 
f o r m a t .  

d )  T h e  p ixe l  f ie ld  r eadou t  c o m p r i s e s  2176 b i t s  and  r e p e a t s  e v e r y  
t h r e e  i n c r e m e n t s  of the  l i ne  count  f i e ld :  

1 )  8-b i t  p ixe l s  1-272 of l ine  N .  

2) 8-bi t  p ixe l s  273- 544 of l ine  N .  

3) 8-b i t  p ixe l s  545-800 of l ine  N t 128  f i l l e r  b i t s .  

4 )  8-b i t  p ixe l s  1-272 of l ine  N t 1 .  

5) E t c .  . . 

I m a g i n g  Mode  8 ( IM-8)  113  E d i t  

I M - 8  i s  u sed  t o  t r a n s m i t  a 113  ed i t ed  v e r s i o n  of I M - 3 .  T h e  d a t a  
r a t e  f o r  t h i s  f o r m a t  i s  44 .  8  k b p s .  T h i s  f o r m a t  i s  i den t i ca l  t o  I M - 3  
e x c e p t  f o r  t he  fol lowing:  

a) F o r m a t  ID f o r  I M - 8  is def ined  i n  Sec t ion  3 .  1 .  2 of t h i s  
d o c u m e n t .  T h i s  i s  t he  only  excep t ion  i n  the  f i r s t  51 2 b i t s  
of t h e  f o r m a t  inc luding  the  imbedded  GS-3  d a t a .  

b )  T h e  f r a m e  length  is 2688 b i t s .  

c )  T h e  p ixe l  f ie ld  i s  2176 b i t s .  E i g h t - b i t  p ixe l s  265 th rough  536 
( the  c e n t e r  272, o r  a p p r o x i m a t e l y  the  c e n t e r  113)  a r e  output  
i n  e v e r y  l i n e .  

T h e  ISS f r a m e  t i m e  r e m a i n s  the  s a m e  a t  48  s 

I m a g i n g  M o d e  9 (IM-9) 3 : l  Slow Scan  Ed i t ed  to  2 9 . 9  kbps 

( T o  b e  suppl ied  when  deve loped .  ) 



7 . 9  I m a g i n g  M o d e  10  (IM- 10)  1 / 5  E d i t  

( T o  b e  supp l i ed  when  d e v e l o p e d .  ) 

7 . 1 0  I m a g i n g  M o d e  11 ( IM-  11)  5: 1  Slow S c a n  

(Tc) b e  supp l i ed  when  d e v e l o p e d .  ) 

7 .  11  I m a g i n g  M o d e  12 ( IM-12)  5 : l  Slow S c a n ,  1 / 2  E d i t  

( T o  b e  supp l i ed  when  d e v e l o p e d .  ) 

- 
r .  12 I m a g i n g  M o d e  1 3  (IM- 13)  10: 1  Slow S c a n  

(To b e  supp l i ed  when  d e v e l o p e d .  ) 

7.  13  I ~ l l a g i n g  h l o d e  14 (IM-14) 1 / 1 0  E d i t  

( T o  b e  supp l i ed  uvhen d e v e l o p e d .  ) 



PLAYBACK FORMATS 

There  a r e  three playback formats  each of which allows playback ol: 
the tape recorder  with simultaneous t ransmission of the GS-3 
format  (PB-1,  2,  and 3). There  a r e  a l so  two additional formats ,  
PB-4  and 5, which the Pro jec thas  chosen not to develop a t  this time. I 
Playback Mode 1 (PB-  1) - 
The PB-1  format  includes imbedded GS-3 data and 57.6 kbps of 
DSS playback data a s  shown in Figure 8-1. The data r a t e  for  this 
format is  67 .  2 kbps . 

* Figure 8-1. P B -  1 F o r m a t  

4032 BITS 

This f o r ~ ~ l a t  is identical to JM-3 with the following exceptions: 

MOD 16 
COUNTER 

(8) 

a )  Format  ID for P B -  1 i s  defined in Section 3. 1 .  2 of this document 

b )  F r a n ~ e  length is 4032 b i t s .  

+ 60 ms 

c )  The imbedded GS-3 data field (432 bits)  immediately follows 
the 64-bit header field. As a consequence, 16 mus t  be sub- 
t racted f rom a l l  bit designations (grea ter  than 64) described 
for the IM-3 format  to obtain the playback mode bit 
designations . - I 

FILLER 

(80) 

MOD 60 
COUNTER 

(6) 

d )  3456 bits of playback data immediately follow the imbedded 
GS-3 field. This s e r i a l  data f rom the tape recorder .  It 
is  not synchronized in any way with the playback lines. 

e )  The las t  80 bits of the f r a m e  a r e  fi l ler which a r e  necessary 
because data ra tes  that exactly match a r e  not available. I 

Ll NE 
COUNT 

(10) 

Playback Mode 2 (PB-2)  

The PB-2  format  includes imbedded GS-3 data ,  33.6 kbps of DSS 
playback data ,  and required f i l ler  bits a s  shown in Figure 8-2 .  The 
data ra te  for  this format  is  44.8 kbps, 

GSBE 
(GS3) 

(432) 

PLAY BACK 
DATA 

(3456) 



* ~ i ~ u r e  8-2. PB-2  Format  

This format i s  identical to  IM-3 with the following exceptions: 

LlNE GS BE PLAYBACK FILLER 
COUNT (Gs3) DATA 

(1 0) (432) (20 16) ( 1  76) 

a )  Format  ID for  PB-2  i s  defined in Section 3 .  1. 2 of this 
document. 

MOD 60 
COUNTER 

(6) 

FSC 

(32) 

b) F r a m e  length i s  2688 b i t s .  

c )  The imbedded GS-3 data field (432 bits)  immediately follows 
the 64-bit header field. As a consequence, 16 must  be sub- 
t racted f rom a l l  bit designations (grea ter  than 64) described 
for the IM-3 format  to obtain the playback mode bit designations. - 

1 

FORMAT 
ID 

( 8) 

d )  2016 bits of playback data immediately follow the imbeddecl 
GS-3 field. This is  s e r i a l  data from the tape r eco rde r .  It 
contains whatever was on the recorder .  It is not synchronized 
in any way with the playback lines.  

MOD 16 
COUNTER 

(8) 

e )  The last  176 bits of the f r a m e  a r e  fi l ler which a r e  necessary 
because data rates  that exactly match a r e  not available. 

Plavback Mode 3 IPB-31 

The P B - 3  format  includes imbedded GS- 3 data and 2 1 . 6  kbps of 
DSS playback data a s  shown in Figure 8-3. The data rate  for  this 
format  is 29, 866-213 bps .  

I- 60m 4 

Figure 8-3.  P B - 3  Format  

8-2 

MOD 16 
COUNTER 

(8) 

MOD 60 
COUNTER 

( 6) 

F SC ' 

(32) 

FORMAT 
ID 

(8) 

LINE 
COUNT 

(10) 

GS d& 
(GU) 

(432) 

PLAYBACK 
DATA 

(1 296) 
I 



This fo rma t  i s  identical  to IM-3 with the following exceptions: 

a )  F o r m a t  ID fo r  PB-3 i s  defined in Section 3.1 .2  of this 
document.  

b) F r a m e  length i s  1792 bits. 

c )  The imbedded GS-3 data  field (432 bi ts)  immediately follows 
the 64-bit header  field. As a consequence,  16 m u s t  be sub- 
t rac ted  f r o m  a l l  bit designations (g rea t e r  than 64) descr ibed  
for  the IM-3 fo rma t  to  obtain the playback mode bit 
designations.  I 

d )  1296 bits of playback data immediately follow the imbedded 
GS-3 field. This i s  s e r i a l  data f r o m  the tape r eco rde r .  It 
contains whatever was on the r eco rde r .  It i s  not synchronized 
in any way with the playback l ines  . I 

Playback Mode 4 (PB-4)  

PB-4  allows for  uninterrupted tape r e c o r d e r  playback a t  21.6 kbps. 
The t r ansmis s ion  fo rma t  i s  that which was recorded.  At the 
presen t  t ime ,  the P ro j ec t  has  no plans to develop this format .  I 
Playback Mode 5 (PB-5)  

PB-5 allows for  uninterrupted tape r e c o r d e r  playback a t  7.2 kbps. 
The t r ansmis s ion  fo rma t  i s  that which was recorded.  At the 
p re sen t  t ime ,  the P ro j ec t  has  no plans to develop this format .  
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1.0 SCOPE 

This  document establ ishes the command s t ruc ture ,  assigns commands 
and the i r  identifiers,  and establ ishes the co-ding necessary  to  send 
commands. 

2.0 APPLICABLE DOCUMENTS 

The following documents form a par t  of this  Functional 
Requirement: 

NOTE 

MJS77-3- 100A, Spacecraft  Requirements and Constraints,  
applies t o  this  document. Requirements of other  MJS77 
level 3 documents may a lso  be applicable. It is the  
responsibility of the u s e r  to  adequately acquaint himself 
with the organization and pertinent content of the level 3 
documents, a s  well a s  with the mater ia l  contained 
he rein. 

REQUIREMENTS 

J e t  Propulsion Laboratory 

Functional Requirement Book, 
Mar iner  ~ u ~ i t e r / ~ a t u r n  1977, 
Introduction 

Functional Requirement, Mariner  
Jupiter /Saturn 1977 Spacecraft  
Requirements and Constraints 

MJS77-3-270 Functional Requirement,  Mariner  
Jupiter /Saturn 1977 Telemetry and 
and Command Handling 

3.0 COMMAND STRUCTURE AND ASSIGNMENTS 

3.1 General  

MJS77-3 -270, Telemetry and Command Handling, establishes 
command philosophy, command requirements  and constraints ,  and 
descr ibes  the command types necessary to c a r r y  out flight 
sequences and to counter unexpected events. 
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3 . 2  Command Lis t  

Tables 1 through 6 of this document tabulate the command structure 
and bit patterns a s  received by the CCS. Table 7 tabulates subsystem 
to subsystem command s t ruc ture  and bit patterns. 

I 
Operator words for the various command types a r e  given in Table 1. 
A l l  d i scre te  commands (DC) and coded commands (CC) a r e  delineated 
in Table 2. The required DC accumulator words a r e  provided in 
Table 3 with the required CC accumulator words provided in Table 4 .  
Table 5 contains the CC accumulator words for power switching. 
,This table also delineates the commands for attitude and articulation 
control subsystem (AACS) power switching. 

Table 2 delineates the attitude control (AC) commands. Table 6 tabu- 
la tes  the command structure for  these words. 

Science command words a s  received by the CCS, a r e  delineated in 
Table 2.  The command s t ruc ture  for these words is  tabulated in 
Table 7. The flight data subsystem (FDS) to science subsystems 
commands a r e  delineated in Table 7. I 

3 . 3  Command Mnemonic Guidelines 

To ensure compatibility with flight, ground, and tes t  software, the 
following guidelines shal l  be used to establish command mnemonics. 

3.  3. 1 General Command Mnemonic Guidelines 

The following guidelines shal l  be used for a l l  commands : 

a )  The general command form i s  shown in  the following example, 
with the pa r t s  of the mnemonic identified: 

"parameter ' I  I 

b)  The s t em shall  consist  of a maximum of s ix  cha rac te r s  including 
the CC, DC, science commands (SC), science table commands 
(ST), AC, o r  processor  commands (PC)  command type designa- 
tion. The only exception allowed i s  power switching commands 
to the power subsystem. 
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18 
c )    he decimal value of a parameter  shal l  not exceed 2 - 1 

= 262, 143 o r  *217 -1 = *131, 07 1 for pa ramete r s  that have signs 
associated with them. 

d )  The maximum decimal  value for a field shal l  be 212 - 1 = 4095 o r  
*211 - 1 = *2047 for fields with signs. 

e )  The maximum number of fields within a parameter  is six. 

f )  Fo r  commands with two o r  m o r e  charac ters  in a field, lead zeros  
a r e  required in fields with fewer than the highest number of 
significant charac ters .  

g) All commands requiring m o r e  than one word a r e  specified a s  
ACs, SCs, o r  STs. 

h )  F o r  operational purposes,  a l l  spa re  bits shall  be zero .  

i) CMD IDS a r e  fields which compose a single parameter  in a CC. 
In Table 4 the CMD IDS a r e  read f r o m  top to bottom. 

3. 3 . 2  Science Command Mnemonic Guidelines 

The following guidelines shal l  be used for a l l  SCs and S Ts: 

a )  The general  form of SCs and STs  shal l  be: 

S C m m a a  data 
-4- - 

"stemt1 

"field" 

"parameter  I f  2 

S T m m a a  d d d 1 data - -r 

-7 -7 

"parameter (1' 
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b)  A SC implies a single word command. 

c )  A S T  implies one element of a multi-element command table in  the 
FDS memory. 

d)  llrnmn is a two-character number identifying the science subsys- 
tem with which the command is associated. 

e )  I1aaf1 a r e  two alphabetic charac ters  which complete the identifica- 
tion of the FDS address  into which the data a r e  to be loaded. If 
the f i r s t  of these charac ters  is A through M, the "dataIf parameter  
i s  decimal;  if i t  i s  N through Z, the !'datau parameter  i s  hexa- 
decimal. The second of the charac ters  i s  mere ly  a sequential 
listing of the severa l  commands associated with a specific 
subsystem. 

f ) The "ddd" i s  a decimal number between 001 and 999 defining the 
element of a table into which the data a r e  to be loaded. 

g) The "data" parameters  may be either decimal o r  hexadecimal, a s  
specified by the f i r s t  of the "aa" characters .  If i t  i s  hexadecimal, 
four hexadecimal charac ters  will define the 16 bits to be loaded 
into the specific FDS word, and this form is used for FDS functions 
and engineering identifier tables. If the lldatall parameter  i s  .- 
decimal, i t  will consist  of u p  to s ix  fields consisting of logical or  
functional groups of bits within the 16-bit FDS word. 

h )  Fields in the "data" parameter  mus t  appear in the same order  in 
the SC o r  S T  a s  they exist in the FDS word, reading f rom left t o  
right. 

i ) The "data" parameter  shall  convert directly to the bit configuration 
of the FDS word with no lookup tables o r  special conversion 
algorithms. 

3.  3 .  3 AC Command Mnemonic Guidelines 

a )  The maximum number of charac ters  in an  AC, including s tem, 
parameters ,  spaces,  and delimiters,  shall  be 24. 

b) The alphabetic charac ters  following the subsystem number in the 
s t em must  be three  charac ters  in length; i. e . ,  AC7XXX. 
Therefore,  an AC command s t em will always be s ix charac ters  
in length. 

c )  The f i r s t  two alphabetic characte r s  following the subsystem 
number in  a n  AC shall be identical a s  the charac ters  used in the 
associated control CC. F o r  example, A C 7 Z G  (CST gate control) 
i s  derived f rom C C 7 2  (CST control). 
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Table 1. CCS Operator Words 

( GROUND CMD BIT NUMBER 1 3 1  132 133  134 135 136 

CCS BIT  NUMBER 

I I I 
STORE 1 1  I MEM ADDRESS 1 0  1 1  

RETURN 

CCS LOAD 

CCS LOAD 

CCS EXECUTE 

TRANSFER 

INTERNAL EXECUTE 

I EVENT E X E C  1 0  1 1  1 1  

0  

1  

---- 

MEM ADDRESS 0 1 0  

OPERAND 1 0 0  

AACS LOAD 

- COND. CCS EXECUTE 

COND. EVENT EXEC 

0  0  0 0  

0  0  O 1  

F D S  H / W  LOAD 

F C P / M E M  LOAD 

FDS P R I  M E M  LOAD 

F D S  S E C  M E M  LOAD 

0  0  

I STORE INDIRECT 

BLOCK SIZE 0  0 0  

I MEM ADDRESS 

EXECUTE I M E M  ADDRESS 1 1 1  I I 
A 4 

A = 1  FOR MEM P R O T E C T  
OVERRIDE 

MODIFIER ID 
X = DON'T C A R E  

1  = PROCESSOR B 
PROCESSOR ID 

1  = PROCESSOR A 

I 1 = MJS77-2 
S P A C E C R A F T  ID 

0 = MJS77-3 1 I 
*NOTE: THIS BLOCK T Y P E  COMMAND S H A L L  ONLY B E  USED P E R  SEQUENCE 

R T  ncu (I-RDI 
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Table 2 .  MJS77 Command List 

NOTES: 4 

1. The number associated with a cornmand i s  the 
affected subsystem designator a s  specified in 
MJS77-1-100A, Introduction. 

2. The l e t t e r s  and number following the designator 
differentiate between commands to a par t icular  
subsystem. 

3. A command that i s  a complement of another is  
identified with the symbol R .  

4. The suffix P o r  S in the command symbol r e p r e -  
sents  p r imary  o r  secondary power relays 
respectively. 



Table 2, MJS77 Command L i s t  

Comment  

Switches 30 vdc power  t o  magne-  
t o m e t e r  ca l ib ra t ion  coil  

Removes  30 vdc power  f r o m m a g -  
ne tomete  r ca l ib ra t ion  co i l  

Switches 2 . 4  kHz power to  
bay  2 h e a t e r  

Removes  2 .  4 kHz power f r o m  
bay 2 heater-  

Switches 30 vdc power  t o  s can  
p l a t fo rm  supplementa l  h e a t e r  

Removes  30 vdc power  f r o m  scan  
p la t fo rm supplemental  heq t e r  

Switches 2 . 4  kHz power to  RFS 
b a y  1 h e a t e r  

Removes  2 . 4  kHz power  f r o m  
RFS bay 1 h e a t e r  

Symbol 

1C 

1CR 

1D 

1DR 

1 P H P  
1 P H R P  

1 PHS 
1 PHRS 

1 T  

1 TR 

Command 
Type 

CC 

CC 

CC 

CC 

CC 

CC 
CC 

CC 

CC 

Name  

MAG CAL COIL 
ON 

MAG CAL COIL 
O F F  

BAY 2 HTR ON 

BAY 2 HTR O F F  

SCAN PLATFORM 
SUPPLEMENTAL 
HEATER ON 

SCAN PLATFORM 1 SUPPLEMENTAL 
HEATER O F F  

BAY 1 HTR 
ON 

BAY 1 HTR 
O F F  

De s t inat ion 

PWR 

PWR 

PWR 

PWR 

PWR 

P W R  

PWR 

PWR 
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i 

C o m m e n t  

I 

S w i t c h e s  30 Vdc  t o  t h e  S - B a n d  
T r a n s m i t t e r  

R e m o v e s  3 0  Vdc  f r o m  t h e  
S - B a n d  T r a n s m i t t e r  

S e l e c t s X - B a n d T W T A  l ( H A C / W J )  

S e l e c t s  X - B a n d  T W T A  2 

S w i t c h e s  30  Vdc  t o  S - B a n d  
e x c i t e r  

R e m o v e s  30  Vdc  f r o m  S - B a n d  
e x c i t e r  

T u r n s  o n  X - B a n d  r a n g i n g  

T u r n s  off X - B a n d  r a n g i n g  

D e s t i n a t i o n  

P W R  

P W R  

P W R  

P W R  

P W R  

P W R  

R F S  

R F S  

b 

I 

Symbol  

2 K P  

2 K R P  

2KS 

2KRS 

2 L P  

2 L R P  

2 LS 

2 LRS 

2 M P  

2 M R P  

2MS 

2MRS 

2N 

2NR 

C o m m a n d  N a m e  
T Y P ~  

C C  S-BAND TRANS-  
M I T T E R  P O W E R  ON 

C C  

C C  S-BAND TRANS-  

C C  

C C  

CC] C C  

C C  

C C  

CC]  C C  

DC 

DC 

P O W E R  O F F  

X-BAND TWTA 1 
S E L E C T  1 X-BAND T W T A  2 
S E L E C T  

S-BAND E X C I T E R  
P O W E R  ON 1 S-BAND E X C I T E R  
P O W E R  O F F  

X-BAND RANGING 
ON 

X-BAND RANGING 
O F F  
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Symbol 

2 P  

2  P R  

2Q 

2QR 

2X 

2 XR 

3A 

3 B P  

3 B R P  

3 BS 

3BRS 

3 G P  

3GRP 

3GS 

3GRS 

I 

Command 

Type 

DC 

DC 

DC 

DC 

DC 

DC 

C C  

CC 

C C  7 

N a m e  

TWO-WAY 
NON-COHERENT ON 

TWO-WAY NON- 
COHERENT O F F  

U S 0  ON 

U S 0  O F F  

R F S  COMMAND 
ENABLE 

R F S  COMMAND 
INHIBIT 

TMU S T A T E  S E L E C T  

TMU PWR ON I TMU PWR O F F  

TMU-A S E L E C T  

C C  

CC S E L E C T  

Des t ina t ion  

R F S  

R F S  

R F S  

R F S  

CCS 

CCS 

MDS 

FWR 

PWR 

Comment  

Disab les  VCO a s  s o u r c e  of 
downlink s igna l  

Enab les  VCO a s  s o u r c e  of 
downlink s igna l  

T u r n s  on u l t r a s t a b l e  o s c i l l a t o r .  

T u r n s  off u l t r a s t a b l e  o s c i l l a t o r .  

Enab les  CCS outputs to  R F S  

Inhibits  CCS outputs to  R F S  

Coded c o m m a n d  tha t  s e l e c t s  the 
opera t ing  s t a t e  of the  TMUs 

Switches 2 . 4  kHz power  t o  TMUs 

R e m o v e s  2 . 4  kHz power  f r o m  
TMUs 

PWR 

PWR 

T u r n s  on TMU-A and  t u r n s  off 
TMU-B 

T u r n s  on TMU-B and  t u r n s  off 
TMU-A 

- -- 
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Table 2. MJS77 Command List (Contd) 

Symbol 

4XR 

5A 

5AR 

6AA 

6AB 

6AC 

6AD 

6AE 

Command 
Type 

DC 

DC 

DC 

CC 

CC 

CC 

CC 

CC 

Name 

PWR COMMAND 
DISABLE 

CCS TOLERANCE 
DET. DISABLE 

CCS TOLERANCE 
DET. ENABLE 

SVC -W 1 FDS MDS 
110 SELECT 

SVC-W2 FDS MEM/ 
PROC SELECT + 
AACS SELECT 

SVC -W3 FDS MEMORY 
A WRITE PROTECT 

SVC -W4 FDS MEMORY 
B WRITE PROTECT 

SVC-W5 FDS PRO- 
TECT; TIMING; TD 
PWR; 110 SELECT 

Destination 

CCS 

CCS 

CCS 

FDS 

FDS 

-- 

FDS 

FDS 

FDS 

Comment 

Disables CCS outputs to PWR 

Disables tolerance detector 

Enables tolerance detector 

State vector command which 
selects MDS 110 logic 

State vector command which 
determines proc Imem config- 
urat ion and A A C S  data interface 

-- - - -- 

State vector commarAd that deter - 
mines amount of FDS memory A 
that will be under write-protect 
control 

State vector command that deter - 
mines amount of FDS memory B 
that will be under write-protect 
control 

State vector command that enables 
o r  disables write protect; deter- 
mines timing chain; determines 
CRS, MAG, and LECP 110 logics; 
and disables o r  enables t rans-  
ducer power 

I 
z 
4 
m 
4 
4 
I 

Ch) 
I 
N 
9 

.. o 
N 
m 
d 

0 
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I I I I 1 
Symbol 

6AF 

06A G 

FDS SOFTWARE 
BLOCK LOAD, PRI- 
MARY MEMORY, 
WITH WRITE 
PROTECT OVERRIDE 

06A J 

FDS SOFTWARE 
BLOCK LOAD, SEC- 
ONDARY MEMORY, 
WITHOUT WRITE 
PROTECT 
OVERRIDE 

C omrnand 
T Y P ~  

CC 

SC 

FDS SOFTWARE 
BLOCK LOAD, SEC- 

i 
ONDARY MEMORY, 
WITH WRITE PRO- 
TECT OVERRIDE 

ObAH 1 60-FRAME 
COUNTER 

SC 

T h e s e  commands  a r e  
automat ical ly  i s  sued by  
t h e  CCS t o  FDS and should 
not b e  used  b y  ground 
cont ro l  

o r  modif ies  f r a m e  counter.  
Counter  i nc remen t s  every  48 sec .  

Name 

FDS SOFTWARE 
BLOCK LOAD, WITH- 
OUT PRIMARY MEM- 
ORY, WRITE 
PROTECT OVERRIDE 

SPACECRAFT TIME 
( 1 6 - BIT STAGE 
COUNTER) 

SPACECRAFT TIME 

SPACECRAFT TIME 
800- LINE 
COUNTER 

Destination 

FDS 

FDS 

FDS 

FDS 

I 

C omment  

See  CC6AK, CC6AL, o r  
CC6AM 

Command w o r d  which updates o r  
modif ies  S IC  t ime .  Counter  
i nc remen t s  e v e r y  48 minutes .  

Command word  which updates 

Command w o r d  which updates o r  
modifies l i ne  counter.  Counter  
i nc remen t s  eve ry  60 msec .  

I 
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S)':711)01 F- (,A N 

I 
oA12 

Oi: ; {  P 

t r  t*. f, 

O A  1:s 

I 
6-4 O 

I O A R  
I 

Cornrnand 
Type 

CC; 

(:(: 

CC 

cc 

CC 

CC 

CC 

C C; 1: I TAUI,E D POXNTEI< L COlvlhlhND 
-- -- 

Name 

P A R A M E T E R  
TA J:lJIC rZ POINTElt 
COMhItlND 

l.able 1> pointer 

I 

De stina - 
tion 
- 

>'L)S 

Comment  

Corltrols pa ramete r  
table A poillter 

FIG P O W E R  I P W R  Switches 2 . 4  kHz power 
COi\rVFRTER A 
SE 1 , l ~ ; C  Y' 

FDS i'OWER 

I to  FDS powcr conver te r  A 
and rcmoves  power from 
convcrtcxr B i f  c ,nnblcd Ly 
CC:GCP or  CCGCS IJ COPTVERTER B 

SELECT 

PARAM.ETER 
TAL; LE 13 POINTER 
COlMMAND 

PARAMETER 
T A  G I  ZE C POINTER 
COhIMAND 

PAl{AhlETER 

P W  R 

FI3S 

FDS 

FDS 

Switches 2.4 kHz power 
to  FDS power conver te r  B 
and removes  power f r o m  
conver te r  A if enabled by 
CChCP o r  C;C6CS 

Coritrols pa ramete r  
table b pointer 

Coutrols  p a r a m e t e r  
table  C pointer 

Controls para tnc tcr  
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Comment 

--- 1 
Sets  parameter  A USE 
field to ze ro  

Sets  paralncter  B USE 
fielcl to ~ e r - o  

Sets  pixel threshold to he 
used in the ISS auto- 
exposurc algothrirn (AEX) 

Sets  minimal  number of 
pixels which must exceed 
pixel tlireshold before A E X  
affects  W A  c a m e r a  setting 

Sets  paranletcr  C USE 
field to ze ro  

Sets  pa ramete r  D USE 
field to ze ro  

Command automatically 
generatcad by CCS upon 
acceplance of the H / W  
LOAD PC 

Command word which 
controls  E'US rnode 

- 

Symbol 

GAL? 

6 k V  

I 

I O o A W  
1 
I 
i 

1 Ol,AX 

I 
I 
I 

hAY 

hA 7, 

/ 6B-4 

0hr;I; L 7 

C urnmand 
'ry PC 

a -  

CC 

CC 

c, 

S C: 

CC 

CC 

CC 

SC 

De s t  inlr - 
t ion 

Name -T- - PARAMETER A USE F D S  
COUNTER RESET 

PARAMETER A USE 
OUN TICR RESET 

F D S  ISS A E X  NA/WA 
P1X.f; L SUM THRES- 
1-10 L D  

FDS ISS WA A E X  
MIN 1'IXEL COUNT 

PARAMETER C USE 
COUNTER RESET 

PARAMETER D USE 
COUNTER RESET 

FDS HARDWARE 
BLOCK LOAD 

FDS MODE 
COh4MAND 

FDS 

FDS 

FDS 

FI>S 

FDS 

F D S  

F DS 
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PR.IhfARY TO 
SECONDARY 
MEMORY COPY 

Command 
TY pe 

FDS AACS ADDRESS 
TABLE - 1200 MEM 
R / O  

FDS AACS ADDRESS 
TABLE - 40 ENG + 
R / O  

Name 

FDS ISS NA AEX 
MSN PIXEL COUNT 

BDS 1SS WA AEX 
TRIP POINT LOW 

De s tina - 
t i.011 

FDS ISS WA AEX 
TRIP POINT MIDDLE 

Comment 

FDS ISS WA AEX 
TRIP POINT HIGH 

FDS ISS NA AEX 
TRIP POINT LOW 

FDS 

FDS 

FDS 

FDS 

FDS 

FDS 

FDS 

OOB-M 

Copies pr imary memory 
contents into rseco~~dary 
memory 

SC FDS ISS NA AEX FDS 1 I TRIPFOWTHICI1 I 1 )  
I 

F1)S ISS NA -\EX 
T R I P  POINT HIGH 

Moclilit-.~ a n  entry to 
AACS engineering ' 

t e l e~ne t ry  table to 
affect change in format 

Same a s  SC06AX, only 
NA camera  is  affected 

FDS ) 

1 Specifies t r ip  points 
which is  used by the au1.o 
exposure algothrim 
(AEX) in determining the 
exposure number far  the 
next picture 

- 

Same a s  SC06RH, 
SCOGBJ, and SC06BK 



Table 2 .  MJS77 Command List (Contd) 

I Destina- 
t ion 

FDS NORM/CROSS 
CONFIGURATION 
COMMAND 

FDS P / C  VOLTAGE / MUX 

/ TABLE - LAUNCH I I 
I OhBS I ST I F U S  AACS ADDRESS 

I TABLE - MANEUVER 

FDS AACS ADDRESS I F'DS 
TABLE - 
ENCOUNTER 

OGBT 

I COUNT 

ST 

06BV 

06BW 

Comment I 
Command word which 
se lec ts  p rocessor -  
mernory configuration 

FDS AACS ADDRESS 
TABLE - CRUISE 

ST 

SC 

Positions nlultiplexer to 
monitor des i red  voltage 
within FDS power converter 

FDS 

See ST06F3E o r  ST06AF 

FDS ISS NA/WA 
FILTER NUMBERS 

FDS ISS PICTURE 

Mod if ie s o r  update s one 
of eight (8) ent r ies  to a 
table which specifies NA 
and WA camera f i l ter  
nun~be r s . 

FDS 

FDS Command word which 
modifies picture counter 
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/ Symbol I C omrnand 
TY pe 

Name  /""- FDS ISS POWER POWER ENABLE ON/  

OCRP 

I bCS I CC 1 FDS P O W E R O F F /  
ISS POWER INI-IIBIT 

OCNC 

U O N  D 

I 

FDS I. -WD READOUII 
PO IN TE R. 

FDS PWS ANALOG B 
ENC; LD 

FDS ENG ID TABLE 
MODIFIED CRUISE 
FDS TCNG ID TABLE 
ENCOUNTER 

I FDS CIIECIC SUM 
FIRSrr LOWER P R I -  I M A l < Y  MEMORY 

De s tine - 
tion Comment 

PW R 

Specif ies  t r e e  switch 
FDS I iden t i f i e r s  

Switches 2 . 4  kHz power 
to FDS and enables  power 
t o  ISS power suppl ies  

P W  R R e r ~ ~ o v c s  2.4 kHz power 
f ro in  FL)S and disables  
power  Crorn ISS power 
supp1it.s 

FDs I Same as  SC06NB 

FDS 

PDS \ I Mudit ies  an e n t r y  to  
the enginecrir:g 

PD5  ! / i d e n t i k r  r tables 

Spc:c ifie s any s i n g l e  location 
within FDS Tncnlory to 
be I-eadout  

FDS See  S T O C P W ,  ST06PX, 
or ST06PY 

LTDS Theu 1% c o n ~ m a n d  s specify  
the boilntl.-iri~? H over  which 
FDS 1x1.. Inoj  y cl~rxck ~11111 
is to tic ck)n~puf  t. r2 . 
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I 

Conl lncnt  

I 

i 

Dt, s tina - 
t ion 

F D S  

FDS 

FDS 

Nanle 
r 

Sy rnbol 
Cotnrnand 

Type 

O6NP 

i 
1 ObPIO 

ObNR 

06NS 

OhN L 

I OLNM 

06NN 

1 
FDS 

FDS 

FDS 

I 

v 

SC 

SC 

SC; 

SC 
T.,A5 '1' U P P E R  
Slq:C:ONl'lA l l Y  

These commands specify 

M A R Y  MEMORY 

F D S  CHECK SUM 
FIFST LOWER 
SECGNDAR Y 
ME IvlOH Y 

P'DS CHECK SUM 
LPxST LOWER 
SECONDARY 
MEMORY 

F1)S CHECK SUM 
FI1:ST UPPER 
SECONDARY 
MEMORY 

FES CHECK SUM 

F D S  CHECK SUM 
SC I LAST LOWER PRI-  

tke boundaries over which 
LTDS ~ r r c * l n o r y  c . t ~ c c l <  S I J ~ I  

is to be cclml~iitr~tl. A 

SC 

SC 

M A R Y  MEMORY 

F D S  CHECK SUM 
FIRST UPPER PlII- 
MA13Y MEMORY 

FDS CHECK SUM 
LAST U P P E R  PRI-  
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Name 

, - . . 

FDS AACS 
POINTER ENG 
MODE = 5 

FDS ENGR. 
POINTER FDS 
MCDE = 6 

FDS AACS 
POINTER FDS 
MODE = 6 

FDS ENGR. 
POINTER FDS 
MODE = 7 

FDS AACS 
POINTER FDS 
MODE = 7 

FDS 

FDS 

FDS 

FDS 

The s e c ornkand s s pec if y 
the star t ing address in 
FDS memory  for the 
engineering identifier and 
AACS a d d r e s s  titbles. 

FDS E S  PARAM- 
ETER A TABLE I FDs \ 1 
FDS ISS PARAM- 
ETER B TABLE 
0 1 <  L( ; IN 

FDS i 
F D S  1SS FAHAM- 
E'1'1~:12 C TABLAE: 
OI<l( ;LN 

-. -- ---- 

Specifies s tar t ing address 
of respect ive ISS pa ram-  
e t e r  tables .  
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1 Sy~jlbol I Command 
Type I Name 

I FDS ISS PARAM- 
SC I E T E R D  T A B L E  I 

I ORIGIN 

2 (2 1Ty1 SC 

OGPN SC 

96PT qc 

06 l'C SC 

FDS ISS PARAM.- 
ETER B TABLE 
PQrNTER 

C'Gf4V 

FDS ISS PARAM- 
ETER B TABLE 
POIX TER 

SC 

FDS LSS PARAFf- 
ETEI? C TABLE 
POIN 'I'ER 

FDS ISS PAWhf- 
ETER D TABLE 
POIiiTER 

FPS N E X T  ADDRESS 
TO READOUT - 
40 BPS 

E'DS NEX'I' ADDRESS 
TO I<EP.DOUT - 
1200 BPS 

FDS CCS SINGLE ID 

FDS 

FD$ 

FDS 

FDS 

FDS 

Comment 
, --- - 

Specifies starting address 
of respective ISS param- 
e ter  tables. 

Specifies location of next 
parameter  relative to the 
starting address which i s  
specified by the origin 
c ammand, 

Specifies starting address  
for  FDS nlernory readout. . 

Specifies t ree  ID which i s  
used for  CCS memory 
read out. - 
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I 

1' 

Comment 
- - -- - - 

Modifics one of 95 table 
e n t r i e s  whose contents 
de termines  the engineer  - 
ing fo rma t .  

Modifies o r  updates an  
ent ry  to  one of two s e t s  of 
p a r a m e t e r  tables  s tored  
within the FDS. 

Specifies t r e e  switch LD 
which i s  used for  AACS 
m e m o r y  readout. 

Modifies the S /C  ID which 
i s  par t  of the 64-bit hcadcr  
of eacll lninor f r ame  of t l m  
cata .  
Enables CCS outputs to  
F D S  

Inhibits CCS outputs to 
FDS 

- 

C or< inland Dcstina- 
S ynlbol Name t ion 

- - 
S T  FIX RNGR.  I 3  FDS 

TA13JJE LAUNCH i S T  F D S  E N G R .  ID F D S  
T A  3 L E  MANEUVER 

FDS ST' FDS ENGR. ID 
TA fi LLE CiRUISE 

S '1' F D S  ISS PARAM- F D S  
ErI'E12 A 'TABLE 

OCQA 

06QC 

ST 

SC 

QOQF F D S  S/C ID NUMBER 

FDS COMMAND 
ENA B L E  

E ' lX  COMMAND 
DISABLE 

-- - 

FDS 

CCS 

c cs 

OK1c';IN REGION 1 

F!:G ISS P A R A M -  
E 'I'i2 R A T A  B 1.E 
ORIGIN REGION 2 

FDS AACS SINGLE ID 

FDS 

FDS 
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Comment  

Switches 30 Vdc power 
to sun senso r  B 
h e  ate r 

Removed 30 Vdc power 
f r o m  sun senso r  B 
he  ate  r 

Controls cone angle, 
ro l l  overr ide,  flyback, 
Canopus search,  and gate 
update. Gate updates 
r equ i r e  preceding 
d a t a  words  (CC7FD 
and CC7SD). 

Command word which 
se lec ts  high and low gate 
update s 

Destina- 
t ion 

PWR 

PWR 

AACS 

AACS 

Name 

SUN SENSOR B 
HTR ON 

SUN SENSOR B 
HTR O F F  

CST CONTROL 

CANOPUS STAR 
TRACKER GATE 
CONTROL 

Symbol 

7BHP 

7BHRP 

7BHS 

7BHRS 

7CT 

7CTG 

Command 
Type 

CC 

CC 

cc ):~[ CC 

CC 

AC 
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Syrnbol 

7DD 

7DDB 

N 
I 7DDC 

9 

I 
f 

i 7 $‘-I2 

I 
7SA 

Commaqd 
Type 

CC 

AC 

AC 

CC 

CC 

CC 

CC 

A 

Name 

DEAD BAND /DRIFT 
CONTROL 

DEADBAND UPDATE 

DRIKU DRIFT RATE 
CONTROL 

FIRST HALF 
ADDRESS 

SECOND H A L F  
ADDRESS 

FIRST H A L F  DATA 

SECOND HALF 
D A T q  

Deutina- I 
t ion Comment  

--- 

AACS Cont ro ls  sun s e n s o r  
deadband s i z e  and com- 
pensa tes  f o r  DRIRU dr i f t ,  
Th i s  command m u s t  be 

AACS 

AACS 

AACS 

AACS 

AACS 

AACS 

Command word which 
updates  sun s e n s o r  
deadband 

Cornmand word which 
compensa tes  for DRIRTJ 
d r i f t  

Command which specif ies  
the  9 MSB of the  oeiected 
m e m o r y  location 

Con~rnand  which specif ies  
the  3 LSD of the selected 
m e m o r y  Zocatiorl and t h e  
length of the  hlock load 

Command which specifiev 
the 9 MSI3 of the da ta  
word 

Command which specif ies  
the  9 LSU of the data 



'Table 2. MJS77 Command List (Contd) 



Table 2. MJS77 Command List (Contd) 

Command / 1 Type Name 

DRIRU PATTERN I CONTROL 

HYBIC 1 MAJOR 
FOWER S U P P L Y  

HYBIC 1 MAJOR 
POWER SUPPLY 

HYRIC 2 hIAJOR 
POWER SUPPLY 

HYBIC 2 MASOR 
POWER SUPPLY 

MOIIE CONTROL 

MOI)E: CONTROI, 
VJITI I PRECURSOR 

I Comment 

Command word which 
se l ec t s  GYRO axis usage 

Switches 2 . 4  kHz power 
to  IT-BIC 1 major  power 
supply and to the sun 
gensor  powered by 
HYBIC 1 

Removes 2 . 4  lcHz p o w e r  
f r o m  ITYBIC I ma jo r  
power supply  and froin 
the sun sensor  powered 
by II'YBIC 1 

Switches 2 . 4  kIIz power 
to IIYHIC 2 major poyer 
supply and to the sun 
s e n s o r  powered by 
HYRIC 2 

R e n ~ o v e s  2 .4  kH?; power 
f r o m  I-IYBlC 2 major 
power supply and from 
the  sun  sensor  powered 
by IIYHIC 2 

Cotltrol varioutr AACS 
modes 

C:orr~rrr;~nd tvo rd which 
se l ec t s  AACS mode 



Table  2 .  MJS77 Command Lis t  (Contd) 

Syrmbol 

I- 

7hlL 

7hILD 

Command 
Type 

CC 

AC 

Dest ina-  Name Corrlrnent 

.-- ------- 

7MMP 

7 h l h i W  

7 hfh'i S 

;'hi-UKS 

7 P A R  

7I'C 

MISC EL1,ANEOUS 
LOGIC CONTROL 

MISCELLANEOUS 
1,OGIC CONTROL - 
MEMORY D U M P  

AACS 

AACS 

Control  miscel!alneous 
AACS control  functions. 
The  p r e c u r s o r  command 
i s  i n  CC7ML 

Cpmlnand word which 
indicates  s ta r t ing  a d d r e s s  
for memory  dump 

PROCIMEM 1 
SELECT 

CC 
PROCIMEM 2 

CC SELECT 

PWR 

PWR 

AACS 

AACS 

AC 

C C  

-4 C 

Selects  PROCIMEhl 1 

Selects  PROCIMEM 2 

Command word which 
updates  one MEMORY - 
location 

Controls  -4ACS.power 
codes.  Ground initiated 
p o w e r  codes m u s t  b e  p r e -  
ceded b y  p r e c u r s o r  cmd 
(CC7ML04) .  1 
Comrriand v3cr.d which 

PARAMETER LOAD 

POWER CODE 
CONTROL 

GROUND COh,i- 
MANDED POWER 
COi F! 

_I-- --- 

AACS I updates  powor codes anc 
initiates P-ACS power - 
switching. 

- -- 
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.. -_I- 

7RC REGISTER 
CONTROL 

Destina- 
t ion 

AACS 

AACS 

AACS 

PWR 

P W I i  

I 7RCD 

i 
f 

7 P& c I<- 

I 

- 
Comment  

Controls ~ p e n i n g  of TCM 
IS0 valves -and loading of 
IS0  valve r e g i s t e r ,  config- 
urat ion r e g i s t e r ,  and pro-  
pulsion r eg i s t e r .  Regis ter  
loads m u s t  be preceded by 
data  word (CC7FD anil 
CC7SD) and p r e c u r s o r .  
Regis ter  loads a r e  only 
loaded in  the launch modq. 
T C ~  IS0  valve cmd m u s t  
be preceded by p r e c u r s o r  
command (CC7ML04). 

Command word which 
a s s u r e s  thiit se lec ted  T C M .  
IS0  valves a re  open 
(valves  automatical ly  
c lose)  

Comrrland word which 
d i rec t ly  loads the HYBIC 
I S 0  valve, configuration, 
o r  propulsion r e g i s t e r s  

Switckes 30 Vdc power to  
azimuth actl lator h e a t e r  

Removes 30 Vdc  power 
f r o m  aziml,~th ac tua tor  
h e a t e r  

7SKP A Z  SCAN ACTUATOR 
HTR ON 

7ST1'RP 

j 7511 CC 
AZ SCAN ACTUATOR I -61 i R S  CC H'I'R O F F  C L 

AC 

AC' 

PEGISTER 
CONTROL - TCM 
BURNIPYRO EVENT 

REGISTER 
CONTROL - 
REGISTERS 
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- 
Name 

SCIENCE P L A T -  
FORhf CONTROL 

SCIENCE PLAT- 
FORhl CONTROL - 
STACK CMD WITH 
COARSE AND FINE 
P OT 

SCIENCE PJJAT- 
FORivl CONTROL - 
STACK CMD WITH 
FINE P O T  ONI,Y 

- 
Symbol 

- -- 

7 ST' I + 
I 

7 SPI< 

7SPL 

1 
D?.:[ Comment  

Cont ro l s  s l ew  ax i s ,  s l ew  
r a t e ,  u s e  of fine and 
c o a r s e  pots ,  and command 
s tack .  Th i s  cnld r c y u i r c s  
p r eced ing  da ta  word.  - 

_ - -  
Commnnd 

Type .  
_ - -  

CC 

A C 

AC 

AACS 

AACS 

7 SF,?JT 

Cornmar,? word which 
posi t ions  the  sc ience  plat-  
f o r m  w i t l l o ~ ~ t  causing thc 
p r e s e n t  pla t form slewing 
to  be aborted.  

Com:nand word which 
posi t ions  the  s c i ence  
p l a t fo rm withoat causing 
t h e  p re sen t  p l a t fo rm 

AC 
I 

SCIENCE - P L A T -  
FORM CONTROL - 
OVE R.RIL) E STACK 

I CMLI WITH COARSE 

7 S P N  

slewing to he abor ted .  

Command word which 
a b o r t s  the  p r e s e n t  pla t -  
f o r m  slewing and r epos i -  
t ions  the s c i ence  p la t form 

. - - I _ .  

AACS 

1- -. .- - - _ - -  I_ - - --- - 

AC 

i 1 

AAc; 

------.A 

AND FINE POT 

SC1T;:NCE PLAT- 
FOlZhd  CONTROL - 
O V  l~:l<ltID E STACK 
Ch11) WIrl'I-I F'lNC 
POT O N L Y  
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Syttibol 

7SS 

7SSB 

7 SSC 

7ST 

7TC 

7YCD 

L .  

- 
Command r ~ a m e  

Type 
Des t ina t  

t ion 

AACS 

4ACS 

AACS 

AACS 

AACS 

AACS 

CC 

Comment  

Controls  in i t i a l  acquisi t ion,  
reacquis i t ion,  b ias ,  and 
ga te  updates .  Bias  and 
ga te  updates  mu's't be p r e -  
ceded by da t a  words  
(CC7FD rznd CC7SD) 

Command word which 
s e l ec t s  yaw o r  pitch b i a s  
update 

Command word which 
updates  the  sun  s e n s o r  
in tensi ty  ga t e s  

Ini t ia tes  se l f - tes t  f o r  
AACS 

Controls  t u r n  ax is ,  
polar i ty ,  and scaling.  
Th i s  command m u s t  be 
r>recc~tlt*d by daIa words 
e i - l 1 7 1 )  and CC7SD) 

Command word which con- 
t rols  spacec ra f t  c o m -  
manded tu rns  

SUN SENSOR 
CONTROL 

SUN SENSOR BIAS 
CONTROL 

SUN SENSO8 GATE 

I 
DC' 

CC 

AC 

AACS SELF-TEST 

TURN COMMANq 
CONTROL 

TURNCONTROL 
COMMAND WITH 
DATA 
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- + 

Comment 

- _ - _ _ _ . I  

Switches 2 . 4  kHz power to 
both CST Sun Shutters 

Removes 2 . 4  kl iz  power 
from both CST Sun Shutters  

Switches 2 . 4  kHz power 
to CST 1 

Removes 2 . 4  kHz power 
f r o m  CST 1 

Switches 2 .4  kHz power 
to  CST 2 

Removes 2 . 4  kIIz p ~ w e r  
from CST L 

Switclles 30 Vdc power to 
IS0 valves Branch 1 .  

Removes 30 Vdc power 
f rom IS0 valves B r a n c h  1 
--- -- --- 

Destina- 
tion 

P W R  

P W R  

P W R  

P W R  

P WR' 

PWR 

P W R  

P W R  

1 

Command 
Symbol Name 

-- . * 

7TSP CST SUN SI.IUTTER 

7 'y S R P  CC 

7TSS CC 
CST SUN SHUTTER 

7TSRS CC O F F  

CC CST 1 ON 

7 T IIIP 

7TTS C C  

7TIRS CC CST 1 O F F  

71'2P 

7T2RP 

7T2S 

7 7" ?, R S 

7V1 P 

*? \r 1 Rl? 

7 '\' 1 s 

7 V l  1,:s 
I - - - - -  

I 

CST 2 O F F  

C C  

. . j 
CC: 

(YC 

I 1 

IS0 VALVES 

( 
BRANCH 1 ON 

IS0 VALVES 
BRANCH 1 OFF 

- ---- ---- -4 
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Symbol 

7 V 2 P  

7 V 2 i l P  

7V2S 

7 V L I G  

7 X  

7XR 

8h 

SAK 

8 B  

8 2311 

8 D  

811R 

.----- - 

Command 
Type 

CC: 

C(3 :I 
DC 

DC 

CC 

CC 

CC 

CC 

CC 

CC 

---- 

r 

Name 

~ I S O  VALVES 
BRANCH 2 ON 

I S 0  VALVES 1 BRANCH 2 O F F  

A4C;S COMMAND 
ENABLE 

AACS COMMAND 
INHIBIT 

PSU A ON 

PSU A OFF 

P S U  B ON 

PSU B O F F  

PSU INSTlZUMENTA- 
TION ON 

PSIJ  TNSTRUMENTA- 
'I'ION OFF 

D e ~ t i n a -  
t ion 

P W R  

PWR 

CCS 

CCS 

PWR 

P TVR 

PWR 

PWR 

P W R, 

FWR 

A 

1 

Comment 

Switches 30 Vdc power to 
I S 0  valves Branch 2 

Switches 30 Vdc power 
from IS0  valves  Branch 2 

Enables CCS outputs to  
AACS 

Inhibits CCS outputs t o  
AACS 

Switches 2 . 4  kIIz power 
to  P6U A 

Removes  2 . 4  kHz power 
from PSU A 

Swi t c l~e  s 2 , 4  kI-lz power 
to PSU B 

Removes  2 . 4  kHz power 
f rom PSU B 

Switches 2 . 4  kHz power 
t o  P S U  instrumentation 
t lm  

R c r n o ~ ~ c s  2.4 kIIz power 
from ins! rumentation 
t lm 

-.- 
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I 

i i 

Comment 

Enables CCS outputs to 
P Y  RO 

lnhibits CCS outputs )o 
PYRO 

Selects soIid motor 
ignitor sqrlibs 

Selecla P M  isolation 
valve squibs 

Switches 30 Vdc power to 
TChl  hea te r s  

Rensoves 30 Vdc power 
f r o m  TCM hea te r s  

Switches 30 Vdc power to 
a t t i tude propu! s ion 
Branch 1 l~nckup heaters  

Removes 30 V d c  power 
from attitude propulsion 
Branch  1 'uackup hea ters  

Switches 30 Vdc power to  
att i tude propulsion 
H r ~ q c i l  2 S a c l i ~ ~ p  h c a t c r s  

--- 1 

Destina- 
tion 

CCS 

CCS 

P Y  RG 

PY RO 

P W R  

PWR 

PWR 

I P W R  

Name 

PYRO COMMAND 
ENABLE 

PYRO COMMAND 
INIIIBTT 

START SOLID 
MOTOR 

CJ-,OSE PU-R.EA 
ISOLATION VALVE 

TCM IIEATERS ON 1 TCM HEATERS O F F  

A P  BR 1 E-ITRS ON 

A P B R I  I I T R S O F F  

Command 
Type 

DC 

DC 

DC 

DC 

C C  

C c: 1 C C  

C C  

C C  

- 

Symbol 1 
8 X R  

i 1 0 17 

i 
I 

I 

W 
03 

CC 

-- 

I OA 

10B 

1 OCP 

1OCFz.P 

1 OCS 

1 OCTtS 

1 OD 

1 OEK 

A P  B R  2 3ETRS O N  

_L I 

P W R  
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Symbol 

10ER 

1 O F  

lOFR 

10G 

1 OGR 

1 OH 

1OHR 

lOTP 
lOTRP 
lOTS 
lOTRS 

12A 1 

l2A2 

12B1 

- 

Cornmand 
Type 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC CCI CC 

DC 

DC 

DC 

Name 

A P  BR 2 HTRS O F F  

IPU VALVE HTRS 
ON 

IPU VALVE HTRS 
O F F  

IPU THRUSTER 
HTRS ON 

IPU THRUSTER 
HTRS O F F  

IPU REDUNDANT 
VALVE HTR QN 

IPU REDUNDANT 
VALVE HTR OFF 

TCM LINE HTRS ON 

TCM LINE HTRS O F F  I 
S / C  - LV 
SEPARATION A 

S I C  - L V  
SEPARATION B 

RELEASE RTG 
BOOM, SET 1 

De stina- 
t ion 

PWR 

PWR 

PWR 

P W R  

PWR 

PWR 

P& R 

PWR 

P W R  

PYRO 

PYRQ 

PYRO 

Comment 

Removes 30 Vdc power f r o m  
att i tude propulsion Branch 2 
backup hea te r s  

Switches 30 Vdc power to  
TPU h e a t e r s  

Removes 30 Vdc power f r o m  
IPU h e a t e r s  

Switches 30 Vdc power to 
IPU th rus t e r  h e a t e r s  

Removes 30 Vdc power f r o m  
IPU th rus t e r  h e a t e r s  

Switches 30 Vdc power to 
IPU redundant hea te r  

Removes 30 Vdc power f r o m  
IPU redundant hea te r  

Switches 2 .4  kHz power t o  TCM 
line and bracket  hea te rs .  
Removes 2 .4  kHz power f r o m  
TCM line and bracket  hea te r s .  

Selects  p r i m a r y  S / C  - LV 
s e p a r a t i ~ n  squibs 

Selects  secondary S / C  - LV 
separat ion squibs 

Selects  Set 1 RTG boom r e l e a s e  
squibs 

+ 
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Command 
Symbol Name 

1 GAP 

1 GARP 

16AS 

l6ARS 

DC RELEASE RTG 
BOOM, SET 2 

RELEASE MAG 
BOOM 

RELEASE SCIENCE 
BOOM I PYRo 

DSS ON 

I DSS O F F  

JETTISON PROPUL- 
SION MODULE 

DSS REPLACEMENT 
ITEATER ON 

PY RO 

nss KEPI~ACEMENT 
HEATER O F F  

DSS STATE SELECT 

TISS ( ' 0 l ) k : T i  C:C)hlMAND 
(via  h'!>S) 

I 

PWR 

PWR 

PWR 

DSS 

Comment 

Selects SET 2 ,RTG boom 
re lease  squibs 

Selects LMAG boorn 
deployment squibs 

Selects science +boom 
re l ease  squibs 

Selects final MM/PM 
r e l e a s e  device squibs 

Switches 2 . 4  kHz power 
to  DSS 

Removes 2 . 4  kHz power 
f r o m  DSS 

Switches 2 . 4  kHz power to 
DSS replacement  'heater 

Iiernoves 2 . 4  kHz power 
from IISS replacerrlent 
heaf  e 1- 

I 
I Coded r o n ~ m a n d  that d e t e r -  

mi 1iy.n t11( .  1):;s ~;opcr,ltit~g 
st:*tc. 
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Symbol c- 
1 6 X  

C omm and. 
T7.e 

U C  

DC 

CC 

CC 

SC 

SC 

SC 

c(: 

CC 

CC 

A 
r-r 

1 IOSR 

2 1A 

21AR 

2 l A F  

21AG 

21AH 

21B 

21BK 

21C 

Name 

DSS COMMAND 
ENABLE 

DSS COMMAND 
INIIIBITS 

CRS ON 

CRS OFF 

CRS COMMAND 
WORD 

CRS ON 
COhlMAND 

CRS CAL-START 
COMMAND 

CRS REPLACEMENT 
HEATER ON 

CRS REPLACEMENT 
HEATER OFF 

CRS SUPPLE- 
MENTAL IIEATER 
QN 

I 
I 
I ..----' 

Destina- 
tion 

CCS 

CCS 

PWR 

P W R  

FD S 

FDS 

FD S 

P WR 

PWR 

P W R  

Comment 

r- - 

Enables CCS outputs to  
DSS 

Inhibits CCS outputs to  
D SS 

Switches 30 Vdc power to 
CRS 

Removes 30 Vdc power 
f r o m  CRS 

Command word which 
controls CRS internal  
functior~s 

Conlmand word whicl) cop, 
t r o l s  the HV flag 

Command word which con- 
t r o l s  the CAL-START 
flag 

Switches 30 Vdc power tq 
CRS replacement  heater 

Removes 30 Vdc power 
Erorn C R S  rnplaccment 
heater 

Switches 30 Vdc power to 
GRS s u p p l e m e n t a l  heater 

- I 
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Comment  

Removes 30 Vdc power 
from CRS supplemental 
heater 

Switches 2 . 4  kHz power 
to P R A  

Kernoves 2 .4  kHz power 
f r o m  PRA 

Command word which con- 
t r o l s  the PRA configuration 

Command word which 
selects  f requencies  and 
the FIXLO mode 

Command word which 
selects  f requencies  and 
the POLHI mode 

Command word which 
selects  frequencies and the 
POLHl  mode f o r  GS-2 only 

Command word which 
se lec ts  frequency and the 
VLOBR mode (extended 
m i  s sion only) 

Des t ina -  
t i o n  

P W R  

P W K  

P W K  

FD S 

, FDS 
FD S 

FD S 
3'D S 
FD S 

E7D S 
:FD S 

FD S 

Natne 

-- 

CRS SUPPLE- 
MENTAL! HEATE.R 
O%Ig' 

I 

Sytnbol 

21 CK 

Command 
Type 

CC 

I PKA 3 N  LiA C c; 

2 LA It. 

2  2 ibL r,- 

22AG 
22AH 

122A.J / z:: 
22AM 

22AN 
2 2 A P  

FREQUENCIES 
COMMAND 

I 
CC I PKA OFF 

SC 

SC 
SC 
SC 

SC 
SC 
SC 

SC, 
SC 

PRA CQNFIGURA- 
TIOM COMMANG 

PRA FIXLO AND 
FREQUENCIES 
COMMAND 

PRA POLHI AND 
FREQUENCIES 
COMMAND 

PRA POLHI AND 
FREQUENCIES 
COMMAND 

PRA VLOBR AND 



Table 2 .  MJS77 Command List  (Contd) 

-- 
Symbol Destina- 

t ion Comment 

PKA/PWS ANTENNA 
DEPLOY MOTOR O N  

22UPR 

2213s PIL4/i3WS P.NTEWNA 
1) EPLOY MOTOR 

2 2EiRS CC 

ST PRA MODE 

I 

P W R  

FDS 

FD S 

FDS 

FD S 

PWR 

PWR 

372s 

$ 

-. 

Switches 30 Vdc power to 
deploy PRA/PWS antennas 

Modifies a n  entry into a 
30 word  table  containing 
PRA modes,  

P l a c e s  PRA into LEVEL 
mode 

P l a c e s  PRA into POLLO 
mode 

P l a c e s  PKA into HARAD 
mode 

Switches 2.4 kHz power 
to  PWS 

Re~moves 2 .4  kHz power 
f r o m  P W S  

Command word which 
cont ro ls  PWS in te rna l  
fun(-t ion8 

SC 

s c: 

SC 

CC 

CC 

SC: 

2ZNK 

22NS 

22PIT 

2 3A 

Z3AK 

% ?)-I1 

Swi tc l~cs  2 . 4  kIiz ~ O W C T  
t o  JJlcc-:l' 

L 5A 

--. 

COMMAND TABLE 

PRA .T,EVEF 
COl,i,MA ND 

PRA POLL0 
COMMAND 

PRA H A W D  
COMMAND 

PWS ON 

P W S  OFF 

PW:; COMMAND 
FIrOltll 

C C LECI' ON PWR 
. 

-- 



Table  2 .  MJS77 Command L i s t  (Contd) 

Name 
Dest ina-  

t ion 

L E C P  O F F  

L E C P  COMMAND 
WORD 

L E C P  MOTOR S T E P  
COMMAND 

L E C P  F E  RATE 
COMMAND 

L E C P  NE RATE 
COMMAND 

L E C P  CRUISE RATE 
COMMAND 

L E C P  S T E P P E R  
MOTOR ON 

L E C P  S T E P P E R  
MOTOR O F F  

L E C P  REPLACE- 
MENT HEATER ON 

L E C P  REPLACE-  
MENT HEATER O F F '  

L E C P  MAIN S U P P L E -  
MENTAL HEATER 
ON 

FDS 

FDS 

1 FDS 

FDS 

PWR 

P WR 

PWR 

PWR 

Comment  

Removes  2 . 4  kHz power 
f r o m  L E C P  

Command word which' 
con t ro l s  L E C P  in te rna l  
functions 

Specifies L E C P  motor  
s t ep  r a t e  

Switches 30 Vdc power 
to  s t eppe r  mo to r  

, 

Removes  30 Vdc power 
f r o m  s t eppe r  motor  

Modifies an e n t r y  into 
' table  which s e l ec t s  

r a t e  g roup  

Switches 30 Vdc power to  
L E C P  r ep l acemen t  hea te r  

Removes  30 Vdc power 
f r o m  L E C P  r ep l acemen t  
hea te r  

, Switches  30 Vdc power bo 
LEMPA te lescope  and 
ma in  e lec t ron ics '  supple-  
men t a l  hea t e r  s  



Table 2 .  MJS77 Command List  (Contd) 

Name Dest ina-  I tion / Comment 

L E C P  MAIN SUPPIJE- 
MENTAL HEATER 
O F F  

L E C P  L E P T  SUPPLE-  
MENTAL HEATER 
ON 

L E C P  L E P T  SUPPLE-  
MENTAL HEATER 
O F F  

P P S  ON 

P P S  O F F  

P P S  CONFIGURA- 
TION COMMAND 

PPS POSITION 
CObiMAND 

PPS MODE TABLE 

P P S  FILTER TABLE 

P P S  ANALYZER 
TABLE 

P W R  

PWR 

P UrR 

P W R  

FD S 

FD S 

FDS 

FDS 

Removes 30 Vdc power f rom 
LEMPA telescope and main 
electronics  supplemental 
hea te r s  

Switches 30 Vdc power to  
L E P T  amplifier supple - 
mental  hea te r  

Removes 30 Vdc power 
f r o m  L E P T  amplifier 
supplemental hea ter  

Switches 30 Vdc power to 
P P S  

Removes 30 Vdc power to  
P P S  

Cornmand word whi.ch con- 
t r o l s  PPS configuration 

Comrr~and word which 
se lec ts  the f i l ter  and 
ana lyzer  positiori 

Modifies a n  en t ry  into a n  
80 word table containing 
PPS modes 

Selects f i l ter  position 

Selects analyzer  
position 



Table 2. MJS77 Command Lis t  (Contd) 

Command +I Name 
Destina- 

t ion 
Comment 

P P S  FIXED FILTER 
WORD 

P P S  FIXED ANA- 
L Y  ZER WORD 

P P S  SUPPLEMEN- 
TAL HEATER ON 

P P S  SUPPLEMEN- 
T A L  HEATER O F F  

PLS  ON 

PLS  O F F  

PLS  E l  MODE. 
COMMAND 

PLS  E2  MODE 
COMMAND 

PLS  M MODE 
COMMAND 

PLS CONFIGURA- 
TION COMMAND 

PLS  L MODE 
COMMAND 

PLS M MODE 
START WORD 1 

FDS 

FDS 

PWR 

PWR 

PWR 

PWR 

FDS 

FDS 

FDS 

FDS 

FDS 

FDS 

Selects  f i l t e r  posit ion 

Selects  analyzer  posit ion 

Switches 30 Vdc power to  
P P S  supplemental  hea t e r  

Removes 30 Vdc power f r o m  
P P S  supplemental  hea t e r  

Switches 2.4 kHz power to  
PLS  

Removes 2.4 kHz power 
f r o m  PLS 

Command word which 
s e l ec t s  E l  mode  and the 
appropria te  gains  

Command word which 
se lec t s  E2 mode and the 
appropria te  gains  

Command word which 
se lec t s  M mode and the  
appropria te  gains  

Command word which con- 
t r o l s  PLS  configuration 

Command word which 
I se l ec t s  L mode and the 

appropria te  gains  

Determines  sampling of 
PLS  M mode during 
c ru i s e  Data Mode. 
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Syrribol Command Name 

PLS M M ~ D E  
START W O W  2 

PLS SUPPLE- 
MENTAL HEATER 
ON 

P L S  SUPPLE- 
MENTAL HEATER 
OFF 

P L S  REPLACE- 
MENT HEATER ON 

P L S  REPLACE- 
MENT HEATER OFF 

UVS ON 

34AR I CC I UVS O F F  

Dqstina- 
tion I 

3 4 A F  

Comment 

FDS 

SC 

PWR 

UVS ItEADOUT 
FLAG 

PWR 

PWR 

PWR 

Determines  sampling of 
P L S  M mode during 
c r u i s e  data mode. 

Switches 30 Vdc power to  
P L S  supplemental hea ter  

Removes 30 Vdc power 
f r o m  P L S  supplemental 
hea te r  

Switches 30 Vdc power to 
P L S  replacement  hea te r  

Removes 30 Vdc power 
frorrl PIIS replacement  
h e a t e r  

Switches 2 .4  kHz power 
to 'IIVS 

PWR 1 Removes 2 .4  kHz power 
f r o m  1JVS I 

FDS 

FDS 

Corrlmand wqrd which 
se lec t s  UVS voltage level 
and mode 

E ~ l a h l c s  /Inhibits U'VS 
reg i s t e r  load ga te  
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Comment  

------- . . 

Switches 30 Vdc power to 
UVS rep lacement  hea tor  

Removes 30 Vdc power 
frorn U V S  r c p l s c e ~ n e n t  
h e a t e r  

Switches 2 .  4 IcI-lz power 
to MAG 

Rerrioves 2 .4  kHz power 
f r o m  MAG 

Corninand word which 
cont ro ls  MAG in te rna l  
inboard functions 

Command word 'which 
cont ro ls  MAG in te rna l  
outboard functions 

Switches 2 . 4  kHz standby 
power to MAG 

Removes  2 .4  kHz standby 
power f r o m  MAG 

Switches 2 . 4  kIIz power to 
inboard low fiela forward 
f l ipper  

--. 

Destina- 
t ion Symbol 

-- 

Command 
Type 

-- 

3 4 3  

34 13 l?. I 
; 311 

I 

3 3AO 

35E3 

3 5fjR 

3SC 

Name 6 
CC 1 UV5 REPLACE-  

CC 

C C  

CC 

SC 

I- 

FLlPPER ON 

MEI'JT HEATER 

UVS IIEPI,AC,E . I 
MEN'T HEATER 
0 FE' 

MAC; ON 

MAG OFF 

MAG INBOARD 
COMMAND 

PWR 

P W R  

P W R  

FDS 

FDS 

P W R  

P W R  

P WR 

SC 

CC 

CC 

CC 

MAG OUTBOARD 
COMMAND 

MAC STANDBY O N  

MAG STANDBY 
O F F  

MAC IBLFM F W D  
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rP 
9 

' 

Symbol 

-- 

35CR 

3 5D 

3 5DR 

35E 

3 5ER 

35F 

C omn~and  
T Y P ~  

---- 

CC: 

CC 

CC 

CC 

CC 

CC 

3 5G 

35F'lc. I CC 
F L I P P E R  OFF 

MAG SENSOR 
HEATERS ON 

CC; 

Name 

MAG LBLFM FWD 
F L I P P E R  O F F  

MAG IDLFM REV 
FLIP PEE^' ON 

MAG IBLFM REV 
F L I P P E R  O F F  

MAG OBLFM FWD 
F L I P P E R  ON 

MAG OBLFM FWD 
F L I P P E R  O F F  

MAG OBLFM REV 
F L I P P E R  O N  

J 

MAG OBLF-M REV 

-- - 

PVJR 

f r o m  out Loa,-cl low field 
r e v e r s e  flipper 

Switches 2 . 4  kHz power to 
both OBLFM and IBLFM - 
sensor  hea ters  

Destina- 
tion 
- 

P W R  

PWR 

PWR 

P W R  

PWR 

PWR 

Comment 

Removes 2 .4  kHz power 
to inboard low field for -  
ward flipper 

Switches 2 . 4  kHz power to  
inboard low field r e v e r s e  
fl ipper 

Removes 2 . 4  kHz power 
f r o m  inboard low field 
r e v e r s e  fl ipper 

Switches 2 . 4  kHz power 
to  outboard low field 
forward flipper 

Kemoves 2 .4  kHz power 
f rom outboard low field 
forward flipper 

Switches 2 . 4  kHz power 
to outboard low field 
r e v e r s e  fl ipper 

P W l l  Removes 3 . 4  kIlz power 
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I oymbol 

Command 

ISS NA OPTICS 
HEATER ON 

Name 

36B 

36BR 

I ISS NA OPTICS 
HEATER O F F  

CC 

CC 

ISS NA VID 
REPLACEMENT 
HEATER ON 

ISS WA ON 

ISS WA O F F  

36DP 

36DRP 

36DS 

36DRS 

ISS NA VLD 
REPLACEMENT 
HEATER O F F  

CC 

CC "1 

PWR 

Dest ina-  
tion 

ISS NA ON 

:Iss NA O F F  

PWR 

Comment  

PWR 

PWR 

PWR 

PWR 

PWR 

Switches 2 . 4  kHz power t o  
wide-angle c a m e r a  if 
enabled by CC6CP  o r  
CC6CS 

Removes  2 . 4  kHz power 
f r o m  wide-angle c a m e r a  

Switches 30 Vdc power to 
ISS NA optics hea te r  

Removes  30  Vdc power to 
ISS NA optics hea te r  

Switches 2 . 4  kHz power to  
n a r r o w  angle c a m e r a  if 
enabled by CC6CP o r  
CC6CS 

Removes  2 . 4  kHz power 
f r o m  n a r r o w  angle 

Switches 30 Vdc power to  
ISS NA vidicon r ep l ace -  
men t  hea te r  

Removes  30 Vdc power 
f r o m  ISS NA vidicon 
r ep l acemen t  hea te r  . 
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j Syrnbol 
Command Name 

ISS WA VID 
REPLACEMENT 
HEATER ON 

ISS W A  VID 
RE Ii LACEMENT 
HEATER O F F  

ISS NA ELEC REPL, 
HTR ON 

361IR 

I ISS NA ELEC REPL 
HTR O F F  

MIRIS ON 

CC 

MIRlS O F F  

ISS WA ELEC REPL 
HTR O F F  

MI  RTS COMMAND 
W<Jl t r l  

Comment Dest ina-  
tior. 

P W R  

PWR 

PWR 

PWR 

PWR 

PWR 

PWR 

P IVR 

F'D S 

Switches 30 Vdc power to 
ISS WA vidicon replace-  
ment  hea te r  

I 

Removes 30 Vdc power 
f r o m  ISS MTA \ridicon 
replacerrlent hea te r  

--- 
I 

.D 
_1 

Switches 30 Vdc power to 
ISS WA electronics  
replacement  h e a t e r  

Removes 30 Vdc power 
f r o m  ISS WA e lec t ronics  
replacement  hea te r  

Switches 30 Vdc power to 
ISS NA e lec t ronics  
replacement  hea te r  

Removes 30 Vdc power 
f r o m  ISS N k  e i e c t r 0 n i . c ~  
rep lacement  hea te r  

Switches 2 . 4  1cI[z power 
to  IVIIRIS 

Renioves 2 .4  kHz power 
f ror,i MIR.IS 

Command word which 
HC*IVC:I R M I R I S  modc and 
g a i n  1 
___I_ - --- 

I 
f i 
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1 39B I CC I MIKIS STANDBY I PWK I 
SUPPLY B ON 

MIKIS STANDBY 
SUPPLY B O F F  

MIRIS FLASH O F F  
HEATER ON 

MIRIS FLASH O F F  
HEATER O F F  

MIKIS REPLACE- 

RWR 

PWR 

PWR 

PWR / MENT HEATERS ON I I 
MIRIS REPLACE- 
MENT HEATERS I PWR / 

Comment 

Removes 2 . 4  kHz power 
to  MIKIS standby power 
supply R 

Removes 2 .4  kHz power 
f r o m  MIRIS a tandby 
power supply B 

Switches 30 Vdc power to 
F lash  Off hea ter ,  

Removes 30 Vdc power 
f rom Flash Off hea ter  

Switches 30 Vdc power to 
MIRIS replacement 
h e a t e r s  

Removecr 30 Vdc power 
f r o m  MIRIS replacement  
hea te r s  

Selects MIRIS dust cover  
r e l e a s e  squibs 

Switches 2 . 4  kHz power 
to  MIRIS standby power 
supply A 

Removes 2.4 kHz power 
from MIRIS standby power 
supply A 



Table 2. MJS77 Command Lis t  (Contd) 

MAM CONTROL 
WORD 

MAM ON 

MAM O F F  

Comment 

NON-PRIME F C P /  
MEM ON 

Destina- 
tion 

NON-PRIME F C P /  
MEM O F F  

Name 

I 

Symbol 

WRITE WORD A 

WRITE WORD B 

WRITE WORD C 

Command 
TY pe 

AACS 
(MAM) 

PWR 

PWR 

AACS 
(MAMI 

AACS 
(MAM) 

Selects  r ead lwr i t e  mode 
and s e t s  readout s t a r t  
add res s  in MAM 

Switches 2.4 kHz power 
to  MAM 

Removes 2.4 kHz power 
f r o m  MAM 

Switches 2.4 kHz power 
f r o m  selected F C P / M E M  
to both units 

Removes 2.4 kHz power 
f r o m  non-selected F C P  
F C P / M E M  

These  th ree  commands 
sent  in the o r d e r  shown 
load one word into AACS 
non-prime m e m o r y  
via the MAM 
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Symbol 

77X 

77XR 

Command 
Type 

DC 

DC 

Name 

MAM COMMAND 
ENABLE 

MAM COMMAND 
DISABLE 

Dest ina-  
t ion 

CCS 

C CS 

ii 

Comment  

Enables  CCS outputs to  
MAM 

Disables  CCS outputs to  
MAM 
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Table 3 .  Discre te  Command Accumulator Words 

NOTES: 

1. The number  assoc ia ted  with a DC i s  the affected 
subsys tem designator  a s  specified in  MJS77- 1 - 100A. 

2 .  The l e t t e r  and number  following the designator  
differentiates between commands to a par t i cu la r  
subsystem.  

3 .  A command that  i s  the complement  of another is  
identified with the suffix R .  

4. CCS COMMAND FIELDS A, B and C cor respond  to  CCS 
Mat r ix  Source d r i v e r s  A and B, and Sink d r i v e r s  C . 



T a b l e  3. D i s c r e t e  C o m m a n d  A c c u m u l a t o r  W o r d s  (Contd)  

C M D  
SYMBOL 

2A 

2AR 

2D 

ZDR 

2 E  

2ER 

2H 

2HR 

2N 

2NR 

2 F  

2PR 

2Q 

2QR 

GROUND CMD 
BIT NUMBER 

CCS BIT NUMBER 

CCS COMMAND F I E L D S  

S-BAND RANGING ON 

S-BAND RANGING O F F  

S-BAND TRANSMITTER 
HIGH- P O W E R  

S-BANDTRANSMITTER 
LOW-POWER 

S-BAND HGA S E L E C T  

S-BAND LGA S E L E C T  

X-BAND T W T  HIGH- 
POWER 

X-BAND T W T  LOW- 
POWER 

X-BAND RANGING ON 

X-BAND RANGING O F F  

TWO-WAY NON- 
COHERENT O N  

TWO-WAY NON- 
C O H E R E N T O F F  

US0 ON 

US0 O F F  

50 

18 

1 

51 

17 

52 

16 

53 

15 

ADDRESS A 

0 0 0 1 0 1 0 1 0 0 0 0 0 0 1  

0 0 0 1 0 1 1 0 0 0 0 0 1 0 0  

I 

54 

14 

/ 

B 

0 1 1 0 0 0 6 0 0 0 1  

0 1 1 1 0 0 0 0 0 0 1  

1 0 0 0 0 0 0 0 0 0 1  

O 1 1 1 0 0 0 0 0 1 0  

1 0 0 0 0 0 0 0 0 1 0  

O 1 0 1 0 0 0 0 0 1 0  

0 1 1 0 0 0 0 0 0 1 0  

0 1 0 1 0 0 0 0 0 1 1  

0 1 1 0 0 0 0 0 0 1 1  

0 1 1 1 0 0 0 0 0 1 1 ~  

1 0 0 0 0 0 0 0 0 1 1  

0 1 0 1 0 0 0 0 1 0 0  

55 

13 

C 

56 

12  

0  1  

L 

57 

11 

58  

10 

59 

9 

60 

8 

61 

7  

62 

6 

63 

5 

64 

4 

65 

3 

66 

2 

67 

1  
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66 

2 

67  

1  

64 

4 

0  1  

- 

6 1  

7  

6 5  

3 

C 

1 1  

58 

10 

62 

6  

B 

6 3  

5  

59 

9 

A 

1 1 1 0 0 0 0 0 0 0 1 0 0 1 1  

1 1 1 0 0 0 0 0 0 0 1 0 1 0 0  

1 1 1 0 0 1 0 0 0 0 0 0 0 1 1  

1 1 1 0 0 1 0 0 0 0 0 0 1 0 0  

1 0 0 0 0 0 0 0 0 0 1 1 0 0 0  

1 1 1 0 0 0 0 0 1 0 0 0 0 0 1  

1 1 1 0 0 0 0 0 1 0 0 0 0 1 0  

1 1 1 0 0 0 0 0 0 1 0 0 0 1 1  

1 1 1 0 0 0 0 0 0 1 0 0 1 0 0  

1 1 1 0 0 0 1 1 0 0 0 0 0 1 1  

1 1 1 0 0 0 1 1 0 0 0 0 1 0 0  

1 0 1 0 0 0 0 1 0 0 0 0 1  

1 1 1 0 0 0 0 0 0 1 1 0 0 0 1  

5 7  

1 1  

53 

15 

55 

13  

52 

16 

6 0  

8 

54 

14 

56 

12 
SYMBOL 

2X 

2XR 

- 

3X 

3XR 

4 T  

4X 

4XR 

5A 

5 AR 

6X 

6XR 

7ST 

7X 

CMD 

1  

50  

18 

CCS COMMAND FIELDS 

R F S  COMMAND 
ENABLE 

R F S  COMMAND 
DISABLE 
- 

MDS COMMAND 
ENABLE 

MDS COMMAND 
DISABLE 

ACTIVATE BATTERIES 
A& B 

PWR COMMAND 
ENABLE 

PWR COMMAND 
DISABLE 

CCS TOLERENCE DET. 
DISABLE 

CCS TOLERANCE DET.  
ENABLE 

FDS COMMAND 
ENABLE 

FDS COMMAND 
DISABLE 

AACS S E L F  T E S T  

AACS COMMAND 
ENABLE 

GROUND CMD 
BIT NUMBER 

CCS BIT NUMBER 

ADDRESS 

51 

17 
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- 

CMD 
SYMBOL 

7XR 

8X 

8XR 

10A 

10B 

12Al 

12A2 

12B1 

12B2 

12C 

12D 

12E 

16X 

16XR 

39E 

GROUND CMD 
BIT NUMBER 

- .  

CCS BIT NUMBER 

CCS COMMAND FIELDS 

AACS COMMAND 
DISABLE 

PYRO COMMAND 
ENABLE 

PYRO COMMAND 
DISABLE 

START SOLID MOTOR 

CLOSE IPU-REA I S 0  
VALVE 

S I C - L V  
SEPARATION A  

S I C - L V  
SEPARATION B  

RELEASE RTG BOOM, 
S E T  1 

RELEASE RTG BOOM, 
S E T  2  

RELEASE MAG BOOM 

RELEASE SCIENCE 
BOOM 

JETTISON PROPULSION 
MODULE 

DSS COMMAND ENABLE 

DSS COMMAND 
DISABLE 

RELEASE MIRIS DUST 
COVER 

50  

18 

1  

51 

17 

52 

16 

53 

15 

ADDRESS A  

1 1 1 0 0 0 0 0 0 1 1 0 0 1 0  

1 1 1 0 0 0 0 0 0 0 1 0 0 0 1  

1 1 1 0 0 0 0 0 0 0 1 0 0 1 0  

1 0 0 0 0 0 1 1 0 0 0 1 0 0 0  

1 0 0 0 0 1 1 0 0 0 0 1 0 0 0  

1 1 1 0 0 0 1 0 0 0 0 0 0 1 1  

1 1 1 0 0 0 1 0 0 0 0 0 1 0 ~ 0  

1 0 0 0 0 0 0 0 1  

I! 

54 

14 

A 

B  

0 1 0 1 0 0 0 1 0 0 0  

0 0 0 1 0 0 0 1 0 0 0  

0 0 1 0 0 0 0 1 0 0 0  

0 0 0 0 0 1 0 1 0 0 0  

0 0 0 0 0 1 1 1 0 0 0  

0 1 1 1 0 0 0 1 0 0 0  

1 0 0 0 0 0 0 1 0 0 0  

_ _ _ _ _ . _ _ .  

-- 

55 

13 

C  

pp 

0 0 1 0 0 0  

56 

12 

0  1  

5 7  

11 

58  

10 

5 9  

9 

60 

8 

61 

7  

62 

6  

63  

5  

64 

4  

65 

3 

66 

2  

6 7  

1  



A Table  3.  D i s c r e t e  C o m m a n d  A c c u m u l a t o r  Words  (con td )  

CMD 
GROUND CMD 
BIT NUMBER 

CCS BIT NUMBER 

NON-PRIME F C P / M E M  
ON 

NON-PRIME F C P / M E M  
O F F  

MAM COMMAND 
1 ENABLE 

MAM COMMAND 
DISABLE 

ADDRESS 
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Table 4. Coded Command Accumulator Words 

NOTES: 

1. The number associated with a CC i s  the affected subsystem 
designator as  specified in MJS77- 1-  100A. 

2. The let ters  and number following the designator differentiate 
between commands to a particular subsystem. 

3. CMD ID may be used a s  a quick reference to identify the 
various combinations within a particular coded command. 

4. CMD IDS a r e  fields which compose a single parameter  in a CC. 
In Table 4 the CMD IDS a r e  read f rom top to bottom. 

5. Table 4 shows the bit pattern as  received by the CCS. In 
transferring a command from CCS to all user  subsystems, 
except for the AACS, the f i rs t  u se r  bit i s  always zero. The 
next user  bit i s  set by CCS to provide odd parity on u se r  
bits 1 through 14, See Figure 1.  

GROUND CMD 
BIT  NUMBER 

CCS BIT 
NUMBER 

CCS TO USER 
B IT  NUMBER 151141131121111101 9 18 17 1 6  15 14 1 3  1 2  

(BIT ONE A 
RECEIVED FIRST) I 

I (ADJUSTED BY CCS FOR ODD 1 
PARITY) I 

1 I F  USER I S  AACS, THIS I S  CCS I 
BIT No. 14; OTHERWISE I T  I S  "0" 

TO USER 
SUBSYSTEM 

C 

Figure 1.  Bit Numbers for Coded Commands 



Table 4. Coded Command Accumulator Words (C ontd) 

CC3A (TMU STATE SELECT) 

67 

1 

1 

- 

CMD 
ID 

00 
through 

6 3 

0  
I 

2 

3 

0  

1  

2 

3 

0  
1  

61 62  63 64  6 5  66 

7 6 5 4  3 2 

0 0  
0  1  

1 0  

1 1  

55 56 57 58 59 60 

13 12 11 10 9 8 

( L S B )  ( M S B )  

51 52 53 54 

17 16 15 14 

0 0 0 1 1  

GROUND COMMAND 
BIT  NUMBER 

CCS B I T  NUMBER 

MDS ADDRESS 

" 
" 
4 '  
q: 
3 m n  

R g  

8% 

50 

18 

' ': 
MOD INDEX 

DRIVER 1 AND 2 O F F  
D R I V E R I O N -  

DRIVER 2 O F F  
D R I V E R Z O N -  

DRIVER 1 O F F  
DRIVER 1 AND 2 ON 

L O W F R E Q , L O W  
R A T E  

LOW F R E Q ,  HIGH 
R A T E  

H I G H F R E Q ,  LOW 
R A T E  

HIGH F R  EQ. HIGH 
R A T E  

0 

0 

1 

1 

0  

1  

0  

1  

S P A R E  (MOS CMD S Y S T E M  A L W A Y S  S E T  T O  Z E R O )  0 
1 

X-BAND 
S-BAND 

0 
1  
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Table 4, Coded Command A c c u m u ~ a t o r  Words (contd) 

CC6AA (SVC-W 1 F D S  MDS I/O S E L E C T )  

MEM H A L F  SEL: 
PROG HAS 
LOCATION 0  I N  
LOWER H A L F  

PROC HAS 
LOCATION 0  IN 

C M D  I D  

0  

1  

C C 6 A B  (SVC-W2 F D S  MEM/PROC S E L  + AACS S E L E C T )  

GROUND BIT NO. 

CCS BIT NO. 

FDS ADDRESS 

C O N T R O L  
P A T T E R N  

MDS 1/0 A 

MDS 1/0 B 

F D S B I T N O .  

0  

1 

50 

18 

67  

1 

1  

51 52 53 54 

17 16 15 14 

0 1 1 0 0  

1 2. 3 4  5 6  7 8 9 10 t l  12 

55 56 57 58 59 

13 12 11 10 9 

0 0 0 0 0  

6 0  

8 

61  62 63 6 4  65 66 

7 6 5  4 3 2 

0 0 0 0 0 0  
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Table 4. Coded Command Accumulator Words (contd) 

NOTE: 

Mem Sel  
Mode 

0 

0 

0 

0 

1 

1 

1 

1 

Master 
P roc  Sel 

0 

0 

1 

1 

0 

0 

1 

1 

P r i m e  
Mem Sel 

0 

1 

0 

1 

0 

1 

0 

1 

~ r o c e s s o r / ~ e m  Config 

P r o c  A- Mem B ( P r i m a r y )  

Mern A (Secondary) 

P roc  A- Mem A ( P r i m a r y )  

Mern B (Secondary) 

P roc  B- Mem A ( P r i m a r y )  

Mern B (Secondary) 

P r o c  B- Mem B ( P r i m a r y )  

Mern A (Secondary) 

P roc  A- P r i m a r y  and Secondary 
Mern determined by 
FDS Program 

Proc  A- P r i m a r y  and Secondary 
Mern determined by 
FDS Program 

Proc  B - P r i m a r y  and Secondary 
Mern determined by 
FDS Program 

Proc  B- P r i m a r y  and Secondary 
Mern determined by 
FDS Program 
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Table 4. Coded Command Accumulator Words (contd) 

CC6AC (SVC-W3 F D S  MEM A WRITE PROTECT) 

GROUND BIT NO. 

CCS  BIT NO. 
CMD ID 

0  

1 
2  
3  

0  

1 
2 
3 

1 

67 

1  

1  F D S  ADDRESS 

CONTROL 
P A T T E R N  

M E M  A WRITE 
P R O T E C T  ' 

U P P E R  HALF:  
NONE 

1000 - 1 9 F F  
1000 - 1  B F F  
1000 - l D F F  

LOWER HALF:  

0  - 0 9 F F  
0  - OBFF 
0  - ODFF 

F D S B I T N O .  

50 

18 

- 

1 2  3  4 5  6 7 8 9  1 0 1 1 1 2  

51 52 53 54 

17 16  1 5  1 4  

0 1 1 0 0  

55 56 57 58 

13  12  1 1  1 0  

0 0 0 0  

0  0  

1 0  
0  I 
1 1  

0  0  

1 0  
0  1 
1  I 

59 6 0  

9 8 

61  62 

7 6 

6 3  6 4  6 5  66 

5 4 3  2  

0 1 0 0  
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h Tab le  4. Coded Command Accumulator Words (contd) 

LSBf rMSB 

:::Command ID is a decimal, representation of the variable data with MSB on the right. 

CC6AD (SVC-W4 FDS MEM B WRITE PROTECT)  

65 

FIIS I3IT NO l L 3  5 6 7 8 Q 1 0  1 1  I 2  

6 3  61 65 66 67 

5 1 3 2 1  
- - -  -- 

0 1 1 O 0  1 

I 

0 0 I 0 

-- - - - - - - 

0  0 

1 0  
0 1 
1 1  

C M D  Ir) 

G R O U N D B I T N O  

C C S  B I T  NO 
' 

E DS  ADDRESS 
- 

C O N T R O L  
P A T T E R N  

1 Z l E \ l  I3  WRITE: 
1 PI?OTE:CT 

i1I3PEI< MA1 E ' 1 YOVE 
1 I 1 0 0 0 - l l l I k  
2 ' 1000  - I B E F  

1 0 0 0  - 1 I ) t . F  

I OWER HALE 1 UOYF: 
1 ' 0 - 0 9 F F  
> 0 - OBFF' I 
3 0 - ODFF 

-- 

\%EMORE 
S E L E C I '  A  

P R O C  A 
P R O C  B 

- --- - -  - 

MDS LR O U T P U T  

BPS D A T A  0 

V I T E K B I  R A T E  
I / 3  S Y M B O L S  1 

-- 

0  
1 

UNSE UCED 0  

P N  D E T E C T  
AND J U S T I F E  I 

DSS R A T E  S E L  

P B  SYNC 0 

H A L F  P B  SE NC 1 
-- 
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Table 4. Coded Command Accumulator Words (contd) 

CC6AE (SVC-W5 FDS PROTECT-TIM-TDPWR-I/Q SEL) 
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Table 4. Coded Command Accumulator  Words  (Contd) 

FIX IjIT NUMBERS 

CCS TO FDS BIT NIMZERS 
-- - - -  

PARITY 

SW L-A O I I I 1 0 0 1 C l O  

- 
CC6AF (SWL-A FDS PRIMARY MEMORY S O F T W A R E  LOAD WITHOUT 

WRITE PROTECT OVERRIDE) 

FDS EIT N W B E R  

CCS TOPDS BIT NUMBEil  

CC6AX (SWL-E FRS P N M A R Y  MEMORY S O F T W A R E  LOAD WITH 
WRITE PXOTECT OVERRIDE) 

CC6AL (SWL-C FDS SECONDARY SOFTWARE LOAD WITHOUT 
W i U T E  Pf,?TECr1 OVERRIDE) 

FDS 31'1 ISiVM9E!i 
1, [ 3 1 4 5 6 7 8 9 1. ! I  12  1 

-7 
CCS TO F D S  BIT  N U M B E R  i I 1 3 ) l Z 7 1 1 1 0  9 8 7 6 5 4 3 i 2 1 .  

C I i 

9 1 0  

6 1 5  

.-. 
CC6Ak4 (SW L-D F DS SECC?JDARY 3 0 I ; ' T W A R E  LOAD U-ITX 

'uV RITE F!?OT I:CT OI 'ERNDE) 

' P A R I T Y  - 
1 SWL-C 0 0 1 1 1 1 0 0 0 1 1 0  I 

j 

8 7 
r 

FIE BIT Srj'hfBEP. - 
4 ' 5  6 

8 , 7  9 CCS TO FDS BIT ::UhIBER 11 ! O  
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Table 4. C d e d  Command Accumulator Words (contct) 

CMD ID 

II 

CMD ID 

2 55 

CC6AN (PARAMETER TABLE- A POINTER COMMAND) 

CCS BIT NO. 118  1 17 16 15 14 

FDS ADDRESS 

PATTERN 

GROUND BIT NO. 

CCS BIT NO. 

FDS ADDRESS 

CONTROL 
PATTERN 

REL ADDRESS 

1 

67 

1 

1 

REL ADDRESS I 

1 2 3 4 5 6 7 8 9 10 1 1  12 

S E E  
NOTE 
BELOW 

CMD ID L 

I 
F D S B I T N O .  

55 56 57 58 59 60 61  62 63 

13 12 11 10 9 8 7 6 5 

TABLE A REL ADDRESS 

CC6AQ (PARAMETER TABLE B POINTER COMMAND) 

50 

18 

64 65 66 

4 3 2 

0 1 1  

F D S B I T N O .  1 2 3 4 5 6 7 8 

GROUND BIT NO. 50 51 .52 53 54 55 56 57 58 59 60  61  62 

CCS BIT NO. 18 17 16 15 14 13 12 11 10  9 8 7 6 

51 52 53 54 

17 16 15 14 

0 1 1 0 0  

FDS ADDRESS 
I I 

CONTROL 
PATTERN 

REL ADDRESS 1 1 TABLE C REL ADDRESS 

-.? BELOW 

/] BELOW 

CC6AR (PARAMETER TABLE C POINTER COMMAND) 

NOTE: The bit pattern transmitted across the interface specifies the 
commanded pointer position relative to the origin of the FDS 
imaging parameter tables A ,  B ,  C, or D a s  appropriate; e. g . ,  a 
displacement of 1 from the program load state would be com- 
manded with CCS bits 1 3  -5 a s  100000000 respectively. 
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Table 4. Coded Command Accumulator Words (contd) 

I CONTROL 
P A T T E R N  

1 1 R L L  ADDRESS 
? G G  

CMD ID 

T A B L E  D R E L  ADDRESS s- 
GROUND BIT NO. 

CCS BIT NO. 

FDS ADDRESS 

r p F l  BELOW 

F D S B I T N O .  

CC6AT (PARAMETER TABLE D POINTER COMMAND) 

50 

18 

NOTE: The bit pat tern  t ransmi t ted  a c r o s s  the interface specif ies  the 
commanded pointer position re la t ive  to the or ig in  of the FDS 
imaging pa rame te r  tables  A, B, C, o r  D a s  appropria te ;  e .  g.  a 
displacement of 1 f r o m  the p rog ram load s t a t e  would be c o m -  
manded with CCS bi ts  13-5 a s  100000000 respect ively .  

67 

1 

1 

1 2  3  4  5 6  7  8 9 1 0 1 1 1 2  

51 52 53 54 

17 16 15 14 

0 1 1 0 0  

CCS BIT NO. 

FDS ADDRESS 

55 56 57 58 59 60 61 62 

13 12 11 10 9  8 7 6 

F D S B I T N O .  I 1  2 3 4  5 6  7 8  9 10 11 1 2 1  

63 6 4  65 66 

5 4 3 2 

PAR. A USE 
COUNTER R E S E T  

0 0 0 0 0 0 0 0 0 0 0 1  I 
CC6AU (PARAMETER A USE COUNTER RESET) 

F D S B I T N O .  1 2  3  4  5  6  7 8 9 1 0 1 1 1 2  
I I I I I 

GROUND BIT NO. 

CCS BIT NO. 

FDS ADDRESS 

CC6AV (PARAMETER B USE COUNTER RESET) 

50 

PAR. B USE 
COUNTER RESET 

18 

1 0 0 0 0 0 0 0 0 0 0 1  

51 52 53 54 

' 'I 
17 16 15 14 

0 1 1 0 0  

55 56 57 58 59 60 6 1  62 63 6 4  65  66 6 7  

13 12 11 10 9  8  7 6  5  4  3 2 1  

1  



Table  4. Coded Command Accumulator Words (contd) 

CC6AY (PARAMETER C USE COUNTER RESET) 

GROUND BIT NO. 

CCS BIT NO. 

FDS ADDRESS 

PAR. C USE 
COUNTER RESET 

CC6AZ (PASAMETER D USE COUNTER RESET) 

GROUND BIT NO. 

CCS BIT NO. 

FDS ADDRESS 

PAR. D USE 
COUNTER RESET 

- 

- 
FDS BIT NO. 

50 

18 

1 

6 7  

1 

1 

51 52 53 54 

17 16 15 14 

0 1 1 0 0  

1 2  3 4 5 6  7 8 9 1 0 1 1 1 2  

FDS BIT NO. 

55 56 

13 12 

50 

18 

57 58 59 60 61  62 63 64 6 5  66 

11 10 9 8 7 6 5  4 3 2 

0 1 0 0 0 0 0 0 0 0 0 1  

67 

1 

1  

1 J 

51 52 53 54  

17 16  1 5  14 

0 1 1 0 0  

1 2  3 4  5 6  7 8 9 1 0 1 1 1 2  

55 56 

13 12 

57 58 59 60 61 62 63 64 6 5  66  

11 10 9 8  7  6 5 4 3 2 

1 1 0 0 0 0 0 0 0  0 0  1 

1 
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& *  . 
Table 4. Coded Command Accumulator Words (Contd) 

7 ( F D S  BIT N U M B E R  

C C S  TO FDS 311 NUMEZP. 1 14 l3 1 2  11 
1" 9 I 

I L 

END OF MEMORY LOAD 1 1 1 1 1 1 1 1 1 1 1 !  t-t? 
FDS END OF MEMORY LOAD 

C C ~ B A  (HWL FDS HA?.DWARE LOAD COMMAND) 

FDS BIT NLNSERS 

CCS TO FDS BIT FILWBERS 

PARITY 

FDS HARDWARE LOAD 
i 

1  

14 

O O l l l l O O  

2 

13 

5 

I 
10 1 9 B 

3 

12 

4 

11 



Table 4. Coded Command Accumu1ato~- Words (Contd) 

THIS IS C C S  BIT NO. 14 I 

CMD 

N O T E ;  CC7CT10 AND C C 7 C T I  1  MUST B E  P R E C E D E D  BY C C 7 F D  AND CC7SD AS SHOWN IN AC7CTG.  

S E E  N O T E  
B E L O W  

1 

GROUND C M D  
B I T  NUMBER 

C C g  B I T  N U M B q R  

AACS ADDRESS 

CC7CT (CST CONTROL) 

I D  

I 

AACS SUBADDRESS 1  

// 
1 0  1  P l  

AACS B I T  NUMBER N 1 2 1 1 1 0 9 8 7 6  5 4  3 2  1  P A  
4 

1 1 

A D J U S T E D  BY C C S  F O R  ODD P A R I T Y  O V E R  
ACCS B I T S  12 THROUGH A,  INCLUDING 
P A R I r Y  BIT P. ' 1  

50 

18 

0  

*rrc- 

00 
01 
02 
03 
04 
05  
06 
07  
09 

10 
11 

51 52 53 

17 16 15 

1 0  1 

-1 0  1 

54 55 56 57 58 59 60 61 6 2  63 

14 13 12 11 10 9  8  7 6  5  

1 

N O C J W N G E  
CONE ANGLE - C 1  
CONE ANGLE - C2 
CONE A N G L E  - C 3  
CONE A N G L E  - C 4  
CONE A N G L E  - C 5  
R O L L  OVERRIDE - DO 
F L Y B A C K  - DO 
CANOPUS S E A R C H  - E N A B L E  

HIGH G A T E  U P D A T E  
LOW G A T E  U P D A T E  

0 0 0 0 0 0 0 ~ 0  
0 0 0 0 0 0 1 1 1  
0 0 0 0 0 0 0 1 1  
0 0 0 0 0 0 1 0 1  
0 0 0 0 0 0 0 0 1  
0 0 0 0 0 0 1 1 0  
0 0 0 0 0 1 0 0 0  
0 0 0 0 1 0 0 0 0  
0 0 1 1 0 0 0 0 0  

0 1 0 0 0 0 0 0 0  
1 0 0 0 0 0 0 0 0  

64 65  66 

4 3  2  

67  

1  

1  



Table 4. Coded Command Accumulator Words (contd) 

ADJUSTED B Y  CCS F O R  ODD PARITY O V E R  
AACS BITS 12 THROUGH A,  INCLUDING 
PARITY BIT  A.  1 
THIS IS CCS BIT NO. 14 1 

SEE 
N O T E  
BELOW 

NOTE: THlS CMD REQUIRES PRECEDING DA*TA WORD ( C C 7 F D  AND CC7SD) AS SHOWN I N  AC7DDB A N D  AC7DDC.  

'OMMAND 
BIT NUMBER 

CCS BIT 
S T R U C T U R E  

pp-p--p 

CC7DD (DEADBAND/DRIFT CONTROL) 

52 

16 

AACS SUBADDRESS 

AACS BIT NUMBER 

50 

1 8  

1  AACS ADDRESS 

51 

1 7  
--- - 

1 

67  

1  

0 1 0 1  

53 

1 5  

N 1 2 1 1 1 0 9  8  7  6  5 4 

54 

1 4  

CMD ID 

I O O P l  

3  2 1  

55 

13 

1 

1  

2 

3 

4 

5 

6  

7  

P A  

DEADBAND 
UPDATE 

DRIRU D R I F T  R A T E  
( P I T C H  A)  

DRlRU D R I F T  R A T E  
( P I T C H  B)  

DRIRU D R I F T  R A T E  
(YAW A) 

DRIRU D R I F T  R A T E  
(YAW C )  

DRIRU D R I F T  R A T E  
( R O L L  B)  

DRlRU D R I F T  R A T E  
( R O L L  C )  

0 0 0 0 0 0 0 0 1  

0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 1 0  

0 0 0 0 0 0 1 0 0  

0 0 0 0 0 0 1 1 0  

0 0 0 0 0 1 0 0 0  

0 0 0 0 0 1 0 1 0  

56 

12 

-7 

1 0 0  

59 

9 

57 

11 
- 

58 

10 

62 

6  

60 

8 
A 

66  

2 

63 

5 
- 

61 

7  

6 4  

4 

6 5  

3 



Table 4.  Caded Command Accumulator  Words  (Contd) 

ADJUSTED BY CCS FOR ODD PARITY OVER 
AACS BITS 1 2  THROUGH A,  INCLUDING 
PARITY BIT P. 
f A 

THIS IS CCS BIT NO. 14 r 

r 

NOTE: CMD ID IS AN OCTAL REPRESENTATION O F  THE 9 MSB ADDRESS BITS. 

CC7FA (FIRST HALF ADDRESS) 

GROUND CMD 
BIT NUMBERS 

CCS BIT NUMBER 

50 

18 

AACS ADDRESS 

b . .  

r 
AAGS SUBADDRESS 1 1 1  1 P 1  

AACS BIT VUMBER ! N 1 2 1 1 1 0  9 8 7 6 5 4 3  2 1 P A  

0 1 0 1  

1 1 1  

51 52 53 

17 16 15 

1 

54 55 56 57 58 59 60 61 62 63  

14 13 12 11 10 9 8 7 6 5 

- - ~  1 

SEE 9 MSB ADDRESS BITS 
NOTE 

BEbOW 

64  65  66 

4 3 2 

3 

J 

67 

1 



Table 4. Coded Command Accumulator  Words (Contd) 

THIS IS CCS BIT NO. 14 1 

NOTE: CMD ID IS AN OCTAL REPRESENTATION O F  THE 3LSB O F  THE ADDRESS AND BLOCK LOAD LENGTH, 

67  

1 

1 
CMD 

CC7SA (SECOND H A L F  ADDRESS) 

64  65  66 

4 3 2 

GROUND CMD 
BIT NUMBER 

CCS BIT NUMBER 

AACS ADDRESS 

AACS SUBADDRESS 

AACS BIT NUMBER 

1 1 1  

1 1  

0 

50 

18 

0 

ID 

i 

0 

- 
SEE 

NOTE 
BELOW 

1 P  

A 

N 1 2 1 1 1 0 9 8 7 6 5 4 3 2 1 P A  

51 52 53 

17 16 15 

1 0 . 1  

3 LSB ADDRESS BITS 

BLOCK LOAD LENGTH 
40-63) 

0 

ADJUSTED BY CCS FOR ODD PARITY OVER 
AACS BITS 12 THROUGH A, INCLUDING 
PARITY BIT P. ' 1  

54 55 56 57 58 59 60 61 62 63  

14 13 12 11 10 9 8 7 6 5 



Table 4. Coded Command Accumulator Words ( C ~ p t d )  

THIS IS CCS BIT NO. 14 1 

* 

CMD 

NOTE: CMD ID IS AN OCTAL REPRESENTATION O F  THE 9MSB DATA BITS. 

CC7FD (FIRST HALF DATA) 

GROUND CMD 
BIT NUMBER 

CCS BIT NUMBER 

AACS ADDRESS -- 
ID 1  0 1 1  

50 

18 

51 52 53 

17 16 15  

0 1 0 1  

SEE 
NO TE 

BELOW 

9MSB DATA BITS 

54 55 56 57 58 59 60 61 62 63  

14 13 12 11 10 9 8  7 6 5  

64 65  66 67 

4 3  2  1  

1  

AACS SUBADDRESS 

AACS BIT NUMBER 

4 A - 

ADJUSTED BY CCS FOR ODD PARITY OVER 
AACS BITS 12 THROUGH A, INCLUDING 
PARITY BIT P. 

1  

N 1 2 1 1 1 0 9  8  7 6  5 4 . 3  

O l l P l  

2  1  P A  



Table  4. Coded Command Accumulator Words (Contd) 

THIS IS CCS BIT NO. 14. I 

CMD 

NOTE: CMD ID IS AN OCTAL REPRESENTATION O F  THE 9  LSB DATA BITS. 

CC7SD (SECOND HALF DATA) 

GROUND CMD 
BIT NUMBER 

CCS BIT NUMBER 

AACS ADDRESS 

50 

18 

ID 
0  

- - - 
SEE 

NOTE 
BELOW 

51 52 53 

17 16 15 

0 1 0 1  

0 1 1  

9 LSB DATA BITS 
' - - 

AACS SUBADDRESS 

AACS BIT NUMBER 

54 55 56 57 58 59 60 61 62 63 

14 13 12 11 10 9  8  7 6  5 

0  

64 65 66 

4 3 2 

N 1 2 1 1 1 0  9  8 7 6  5 4  

67 
" 

1 

1  

0  1 1  P O  

3 2  1  P A  



Table 4. Coded Command Accumulator Words (Contd) 

I GROUND CMD 
BIT NUMBER 

- - -  

CCS BIT NUMBER 

CMD AACS ADDRESS 

CAPTURE R A T E  - LOW 
CAPTURE RATE - HIGH 
INITIALIZE ( P ,  Y ,  R )  Q = 0  
F A U L T  T E S T  - START 
F A U L T  T E S T  - S T O P  

USAGE P A T T E R N  - UPDATE 

1  0 0 1  

0 0 0 0 0 0 0 0 1 .  
0 0 0 0 0 0 0 1 1  
0 0 0 0 0 0 1 0 0  
0 0 0 0 0 1 0 0 0  
0 0 0 0 1 1 0 0 0  

0 1 0 0 0 0 0 0 0  NOTE 

AACS SUBADDRESS 1 O O l P l  

AACS BIT NUMBER N 1 2 1 1 1 0 9  8 7 6  5 4  3 2  1  P A  

A 
+ 

ADJUSTED BY CCS FOR ODD PARITY OVER 
AACS BITS 12  THROUGH A, INCLUDING 
PARITY BIT P. 

THIS IS CCS BIT NO. 14 --A 
NOTE: CC7GY8 MUST BE P R E C E D E D  BY CC7FD A N D  CC7SD AS SHOWN IN AC7GYP. 

CC7GY (DRIRU CONTROL) 



Table 4. Coded Command Accumulator Words (Contd) 

TEIIS IS C C S  B I T  NO. 14 1 

1 0 7  E:: Tf%IS ChqD M U S T  B E  P R E C E D E D  BY C C 7 M L 0 4  AS S H O W N  I N  A C 7 M D P  

C \I D  
1 D 

CC7MD (MODE CONTROL) 

S E E  
N O T E  
BELOW I 

I " 
z 
2 
4 

I 
W 

03 I 

6 7  

1 

1  

0 

6 4  6 5  6 6  

4 3  2 

1 1 0  

I I 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 1  A I 0 0 0 0 0 0 1 0 0  
0 0 0 0 1 0 0 0 0  
0 0 0 1 0 0 0 0 0  
0 0 1 0 0 0 0 0 0  
0 1 0 0 0 0 0 0 0  

L A U h C H  
P M -  ( B U R N )  

3 P M  - (POST B U R N )  ' I 

I 
GROUND C M D  
B I T  NULZBER 

C C S  B I T  K U M B E R  

A A C S  A D D R E S S  

t I 
7 

( 

8  

54 

14  

0  

R O L L  I \ E R T I A L  
A L L  A X E S  I N E R T I A L  
\I\I T C M  BURN 
P M  - ( P R E B U R N )  

l l O P 0  N 
9 
0 

3  2  1  P A  
.. 

AACS S U B A D D R E S S  

AACS B I T  \U.CIBER 

t " 
P 

55 56 57 58 59 60 6 1  62 6 3  

1 3  12  11  10 9 8  7  6  5 

50 

18 

ADJlTSTED B Y  C C S  FOR ODD P A R I T Y  O V E R  
AACS B I T S  12 T H R O U G H  A ,  I N C L U D I N G  I P A R I T Y  B I T  P. 

51 52 53 

17 16 1 5  

0 1 0 1  

0  

(D 
C 

0 

N 1 2 1 1 1 0 9 8  7 6  5 3  



Table 4. Coded Command Accumulator  Words  (Contd) 

FDS CHANNEL S E L E C T  - A 0 0 0 0 0 0 0 0 1  
FDS CHANNEL S E L E C T  - B 0 0 0 0 0 0 0 1 1  

MEMORY DUMP 

CMD PRECURSOR 

CST POWER ENABLE 
CST POWER DISABLE 
F C P  REINITIALIZE 
TURN ABORT I 
TCAPU F A U L T  TEST 

ENABLE I 
TCAPU FAULT TEST 

DISABLE I 

S E E  NOTE 1 BELOW 

S E E  NOTE 2 BELOW 

AACS BITS 12 THROUGH I 4  INCLUDING 
PARITY BIT P - I AACS SUBADDRESS 

AACS BIT NUMBERS 

THIS IS CCS BIT NUMBER 14. I 

NOTES: 1.  CC7ML03 MUST BE PRECEDED BY CC7FD AND CC7SD AS SHOWN IN AC7MLD. 

ADJUSTED BY CCS FOR ODD PARITY OVER h f 

1 

2 .  CC7ML04 MUST P R E C E D E  ANY MODE, REGISTER CONTROL, OR GROUND 
INITIATED POWER CODE COMMAND. 

CC7ML (MISCELLANEOUS LOGIC CONTROL) 

N 1 2 1 1 1 0 9  8 7 6 5 4 

l l O P l  

3 2 1 P A  





Table 4.  Coded Command Accumulator Words (Contd) 

THIS IS CCS BIT NO. 14. I 

CMD 

NOTES: 1 .  CC7ML04 MUST P R E C E D E  CC7RC1,  CC7RC2,  AND CC7RC3 AS SHOWN IN AC7RCB. 

2 .  CC7FD,  CC7SD, AND CC7ML04 MUST P R E C E D E  CC7RC4, CC7RC5,  AND CC7RC6 AS SHOWN IN AC7RCR.  

3 .  CC7RC4,  CC7RC5, AND CC7RC6 MUST ONLY B E  USED IN T H E  LAUNCH MODE AND ONLY USED FOR 
GROUND TESTING. 

GROUND CMD 
BIT NUMBER 

CCS BIT NUMBER 

AACS ADDRESS 

CC7RC (REGISTER CONTROL) 

50 

18  

ID 

S E E  
NOTE 1 
BELOW 

S E E  
NOTES 2 & 3 
BELOW 

51 52 53 

17 16 1 5  

0 1 0 1  

- 
1 

2 
3 

4 

5 

6 

1 

1 

/ / / / / 

1 0 0  0 

IS@ V A L V E  R E S E T /  
P Y R O  E V E N T  

O P E N  X T C M  I S 0  VALVE 
O P E N  Y T C M  I S 0  VALVE 

LOAD I S 0  VALVE 
REGISTER 

LOAD CONFIGURATION 
REGISTER 

LOAD P R O P  REGISTER 

AACS SUBADDRESS 

AACS BIT NUMBER 

54  55 56 57 58 59 60 61 62 6 3  

1 4  1 3  12 1 1  10 9 8  7 6 5 

0 0 0 0 0 0 0 0 1  

0 0 0 0 0 0 0 1 '  
0 0 0 0 0 0 1 1 0  

0 0 0 0 0 1 0 0 0  

0 0 0 0 1 0 0 0 0  

0 0 0 1 0 0 0 0 0  

A ]  

ADJUSTED BY CCS F O R  ODD PARITY OVER 
AACS BITS 12 THROUGH A, INCLUDING 
PARITY BIT P. 

0 

6 4  6 5  66  

4 3 2  

67  

1 

1 

N 1 2 1 1 1 0  9 8 7  6  5  4 

I O O P O  

3 2 1 P 



Table 4.  Coded Command Accumulator  Words  (Contd) 

AD.JUSTED B Y  C C S  F O R  ODD P A R I T Y  O V E R  
A A C S  B I T S  12 T H R O U G H  A ,  I N C L U D I X G  
P A R I T Y  B I T  P. 1 I 
THIS  I S  C C S  B I T  NO. 14. 1 

S E E  
N O T E  1  
B E L O W  

V O T E S :  1. THIS C O M M A N D  R E Q U I R E S  P R E C E D I N G  D A T A  W O R D  AS SHOLVN IN A C 7 S P K ,  A C 7 S P L .  A C 7 S P M ,  
AND A C7SPN.  

6 7  

1 

1  

2.  I F  R A T E  S C A L E  = 0 ( C C S  B I T  NO. 111, SLET\# R A T E  = l/(CMD ID) WHERE CMD ID I S  
F R O M  001 T O  15  CMD ID = 00  IS U N A C C E P T A B L E .  

Cb1D 

3. I F  R A T E  S C A L E  - 1 ( C C S  B I T  S O .  111, S L E W  R A T E  = 1 / ( 1 6 ( C M D  I D  - 1 5 ) )  W H E R E  
ChID I D  IS  F R O 1 1  16 T O  30. 

6 3  

5 

0 
1 

P A  

" (Deleted)  

64 6 5  6 6  

4 3 2 

0 0 1  

A A C S  SU BADDRESS 

AACS B I T  N U M B E R  

CC7SP (SCIENCE PLATFORM CONTROL) 

f 

54  55 56 57 58 59 6 0  6 1  6 2  

14  1 3  1 2  11  10  9 8  7 6 

G R O U N D  C M D  
B I T  N U M B E R  

C C S  B I T  N U M B E R  

AACS A D D R E S S  

S E E  
N O T E  
2 8: 3 

B E L O W  

1 
2 

1 
2 

N 1 2 1 1 1 0 9  8 7  6  5 4 

0 

S L E W  R A T E  

R A T E  SCALING - D O N ' T  
R A T E  SCALING - D O  

NO C O A R S E  P O T  D A T A  
COARSE P O T  U S E D  

STACK COM,MANDS 
O V E R R I D E  S T A C K  

I D  

- 0  
1 

O O l P O  

3 2 1 

50 

1 8  

0 

1 
2 

1 
2 

0 0 0 0 
. . . .  
. . . .  
1 1 1 1  

51 52 53 

17 16 1 5  

0 1 0 1  

0 
1 

S L E %  AXIS-  E L  
S L E W  AXIS - A 2  

F I N E  P O T  U S E D -  A  
F I N E  P O T  U S E D  - B 

0 
1 

0 
1 



Table 4. Coded Command Accumulator Words (Contd) 
$ 

A 
ADJUSTED BY CCS FOR ODD PARITY O V E R )  
AACS BITS 12 THROUGH A,  INCLUDING 
PARITY BIT P. I 
THIS IS CCS BIT NO. 14. 

CAMD 
ID 

1 

3 
4 

5 

6 
7 

NOTE: 1. CC7SS3 AND CC7SS4 MUST B E  P R E C E D E D  BY C C 7 F D  -4ND CC7SD AS SHOWN IN AC7SSB 
2 .  C C ~ S S ~  MUST B E  P R E C E D E D  B Y  C C 7 F D  AND CC7SD AS SHOWN IN AC7SSG. 

CC7SS (SUN SENSOR CONTROL)  

GROUND CMD 
BIT NUAMBER 

CCS BIT NUMBER 

AACS ADDRESS 

AACS SUBADDRESS 

AACS BIT NUMBER 

50 

18 

0  

5 1  52 5 3  

17 16 15 

0 1 0 1  - 
0  

1 0  1  P O  

N 1 2 1 1 1 0  9 8 7 6  5 4 3  2  1  P A  

SEARCH ENABLE 

PITCH BIAS UPDATE 
YAW BIAS UPDATE 

MTENSlTY G A T E  UPDATE 

54 

14 

S E E  NOTES 
BELOW 

NOTE 1  

NOTE 2 -- 

_ _ _ _ _ _ -  

0 0 0 0 0 0 0 0 1  

0 0 0 0 0 0 1 0 0  
0 0 0 0 0 1 0 0 0  

0 0 0 0 1 0 0 0 ~  -- - -- . - , - 
SUN P O M T  ENABLE 

EARTH POINT ENABLE 

1 0 1  

- -- 
0 0 0 1 0 0 0 0 0  

0 0 1 1 0 0 0 0 0 .  

67 

1  

1  

5 5  56 57 58 59 60 6 1  62 63 64 65 66 

1 3  12 1 1  10 9 8 7 6 5  4 3  2  



Table 4. Coded Command Accumulator  Words  (Contd) 

GROUND C M D  I B I T N U M B E R  ( 5 0 1 5 1  52  5 3 1 5 4  55 56 57  58 59 6 0 / 6 l  6 2  b i  I 6 4  6 5  6 6 1 6 7 1  

I C C S B I T N U M B E R  1 1 8 1 1 7  16 1 5 1 1 4  1 3  I 2  11 1 0  9 8  1 7  6  5  1 4  3 2 1 1 1  

- %  ,- I AACS A D D R E S S  1 0  1 

1 
2 

1  
2 

A D J U S T E D  BY C C S  F O R  O D D  P A R I T Y  O V E R  
A A C S  B I T S  12 T H R O U G H  A ,  INCLUDING 
P A R I T Y  B I T  P. 1 I 

/ / / / / 

T H I S  IS C C S  B I T  NO. 14 .  I 

N O T E :  THIS C M D  R E Q U I R E S  P R E C E D I N G  DATA W O R D  ( C C 7 F D  AND C C 7 S D )  A S  SHOWN IN A C 7 T C D .  

P O L A R I T Y  - P O S I T I V E  
P O L A R I T Y  - N E G A T I V E  

R A N G E  S C A L I N G  - ( X 1 )  
R A N G E  S C A L I N G  - ( X 1 0 )  

A A C S  S U B A D D R E S S  

A A C S  B I T  N U M B E R  

CC7TC (TURN COMMAND CONTROL) 

0 0 0 0  
0  0  0  0  

0 0 0 0 0  
0 0 0 0 1  

1  

0  
1  

N l Z I 1 1 0 9  8 7  6 5 4  

S E E  
NC T E  
B E L O W  

O l O P l  

3 2 1  P A  



Table  4. Coded Command Accumulator  Words  (Contd) 

CClOC (DSS STATE S E L E C T )  

03 
-I 

Ground CMD Bit Number  

CCS Bit Number  

DSS A d d r e s s  

No- Change 
Playback 
Slew 
Record  115.2 kbps  
Record  FDS 7. 2 kbps  
s p a r e  
Spa re  
Ready 

No- Change 
No-Change 
7 . 2 k b p s  
21.6 kbps 
33.6 kbps 
57.6 kbps 
Spa re  
High Rate Record  Speed 

No-Change 
F o r w a r d  
R e v e r s e  
No-Change ( s p a r e )  

No- Change 
T r a c k  1  
T r a c k  2 
T r a c k  3  
T r a c k  4 
T r a c k  5  
T r a c k  6 
T r a c k  7 
T r a c k  8 

r 

CMD 
ID 

0  
1  
2 
3 
4 
5  
6  
7 

0 
I  
2 
3  
4 
5 
6 
7 

0  
1  
2 
3  

0  
1  
2 
3  
4 
5  
6  
7 
8 

5 0  

18 

$ 

0 

$ 
g 

, 
G 
0 

k.4 

3 * 

5 
", 
; ; 
rn 

51 

17 

0  1 0  0 1  

52 

16 

0  0  0  
0 0 1  
0  1 0  
0 1 1  
1 0 0  
1 0 1  
1 1 0 ,  
1 1  1  

1  

57 

11 

0  0  0  
1 1 0  
0 1 0  
1 1  1  
0 0 1  
1 0  1  
1 0 0  
0  1 1  

53 

15 

58 

10 

0 0 0 1  
0 0 1 0  
0 0 1 1  
0 1 0 0  
0 1 0 1  
0 1 1 0  
0 1 1 1  
1 0 0 0  

0  0  
0  1  
1 0  
1 1  

54 

14 

0 0 0 0  

5 9  

9 

55 

13  

56 

12 

6 0  

8  

6 1  

7 

62 

6 

63 

5  

64 

4 

65 

3 

66 

2 

67 

1  



A Table 4.  Coded Command Accumulator  Words (Contd) 

ADJUSTED BY CCS FOR ODD PARITY OVER 
AACS BITS 12  THROUGH A, INCLUDING 
PARITY BIT P 

CCS BIT NUMBER 

AACS ADDRESS 

THIS IS CCS BIT NO. 1 4  I 

03 
m 

CC77CW (MAM CONTROL WORD) 

(1) 

(2 )  

-5 / / / / /  

CC77CW (1)(2) 

1  

2  

o 
1 

2  

3 

5  

6  

7 

8 

r 

AACS SUBADDRESS 

AACS BIT NUMBER 

MODE 
SELECT 

1 0 0 0 0 0 0  

N 1 2 1 1 1 0 9  8 7  

READ 
WRITE 

6  5  4 3 

0  

1  

NO CHANGE 

Increment  a d d r e s s  by 1  
10 

Increment  a d d r e s s  by 16 
10  

Increment  a d d r e s s  by 1710 

Increment  a d d r e s s  by 2561 

Increment  a d d r e s s  by 257 
10 

Increment  a d d r e s s  by  272 
10  

Increment  a d d r e s s  by 273 
10  

Reset a d d r e s s  to ZERO 

0 0 0 0  

0 0 0 1  

0 0 1 0  

0 0 1 1  

0 1 0 0  

0 1 0 1  

0 1 1 0  

0 1 1 1  

I O O O *  

2  1  

P 1  

P A  



A Table 4. Coded Command Accumulator  Words (contd) 

GRN CMD BIT NO. 50 51 52 53 54 55 56 57 5 8  59 60  61  6 2  63 64  65 66 67 

CCS BIT NUMBER 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

CMD AACS ADDRESS 0 0 1 1  1 - 

0000 
to WRITE WORD A z 1 0 z 9  z8 z 9 z 1 0 z 5  '4 '2 SEE NOTES 

1777&3 3 1 BELOW 

AACS SUBROUTINE 0 O O P O  

AACS BIT NUMBER N 1 2 1 1 1 0 9  8 7 6 5 4 3 2 1 P A  - 
ADJUSTED BY CCS FOR ODD PARITY OVER I 1 AAGS BITS 12 THROUGH A, INCLUUING 
PARITY BIT P I 
THIS CCS BIT NUMBER 14 I 

NOTES: 1. Z18 Z17 . . . Z1 = Z i s  the 18  bit memory word 

2. M12 Ml . . . M = i s  the 12 bit address  of Z 
1 

3. CMD IDS ARE AN OCTAL REPRESENTATION O F  THE ADDRESS OR DATA WORD 

CC77WA (WRITE WORD A )  



A Table 4. Coded Command Accumulator  Words (contd)  

THIS CCS BIT NO. 14 1 

CMD 

NOTES: 1. Z18 Z17 . . . Z = Z i s  the 18  bi t  memory  word 
1 

2. M12 M l l .  . . M = M i s  the 1 2  bit a d d r e s s  of Z 
1 

3. CMD IDS A R E  A N  OCTAL REPRESENTATION O F  THE ADDRESS OR DATA WORD 

CC77WB (WRITE WORD B) 

CRN CMD BIT NO. 

CCS BIT NUMBER 

AACS ADDRESS 

ID 
0 0 1 

2 

50 

18 

0000 
to 

177778 
WRITE WORD B 

Z Z Z  
M2 M1 z18z17z16z15z14 13 12 11 

SEE NOTES 
BELOW 

51 52 5 3  

17 16 15 

0 0 1 1  

AACS SUBADDRESS 0 O l P O  

AACS BIT NUMBER N 1 2 1 1 1 0 9 8 7  6 5 4 3 2 1 P A  - 
ADJUSTED B Y  CCS FOR ODD PARITY OVER 
AACS BITS 12 THROUGH A, INCLUDING 
PARITY BIT P. 

54  55  56 57 5 8  59 6 0  61 62 6 3  64 6 5  66 

14 13 12 11 1 0  9 8 7 6 5 4 3 2 

67 

1 

1 



A Table  4. Coded Command Accumulator  Words  (Contd) 

GRN CMD BIT NO. 

CCS BIT NUMBER 

ADJUSTED BY CCS FOR ODD PARITY OVER 
AACS BITS 12 THROUGH A, INCLUDING 
PARITY BIT  P 
I 

I 

THIS IS CCS BIT NO. 14  J 

50 

18  

AACS ADDRESS 0 

NOTES: 1 .  Z1 Z ,  . . . Z1 = Z is  the 18  bit m e m o r y  word. 

2 .  M12 M I ,  . . . M I  = M is  the 1 2  bit add res s  of Z.  

0 1 1 1 

3. CMD IDS a r e  an oc ta l  representa t ion  of the a d d r e s s  o r  da t a  word.  

51 52 53 

17 16 15 

. CC77WC (WRITE WORD C) 

0 1 0  

WRITE WORD C M12 M1l  M 1 O  M9 M8 M6 M5 M4 M3 
S E E  BELOW NOTES 

54 55 56 57 58 59 60 61 62 63  64 65  66 

14 13  12 11 10  9 8 7 6 5 4 3 2 

AACS SUBADDRESS 

AACS BIT NUMBER 

67  

1 

I 1 

0 

N 1 2 1 1 1 0 9 8 7 6 5 4 3  

l o  P O  

2 1 P A  



Table 5. Coded Command Accumulator Words for  Power  Switching 

NOTES: 

1. The number associated with a CC i s  the affected subsystem 
designator a s  specified in  MJS77- 1- 100A. 

2 .  The l e t t e r s  and number following the designator differentiate 
between commands t o  a par t icu lar  subsystem. 

3. A command that i s  a complement of another i s  identified with 
the symbol R. 

4. The suffix P o r  S in  the command symbol represents  p r imary  
o r  secondary power relays respectively. 

5. CMD ID may be used a s  a quick reference to  identify the 
various combinations within a par t icu lar  coded command. 

6 .  CMD IDS a r e  fields which compose a single parameter  in a CC. In 
Table 5 the CMD IDS a r e  read f r o m  top to bottom. 

7. WheneveranAACSpower  swi t ch ingcommandi sused ,  i t m u s t b e  
followed by CC7PC (plus precursor  command). 

8. Table 5 shows the bit pat tern a s  received by the CCS. In t ransfer -  
ring a command f r o m  CCS to a l l  u s e r  subsystems, except for the 
AACS, the f i r s t  u s e r  bit i s  zero.  The next bit  i s  se t  by CCS 
to provide odd pari ty  on u s e r  bits 1 through 14. See Figure 2.  

G R O U N D  CMD 
B I T  N U M B E R  

CCS B I T  
N U M B E R  

CCS T O  USER 
B I T  NUMBER 151141131121111101 91 8 1 7  16 1 5  14  1 3  1 2  1 1 

(B IT  ONE A 4 
RECEIVED FIRST) 

(ADJUSTED BY CCS F O R  ODD 

LIF USER I S  4AC5, THIS I S  CCS 1 
BIT No. 14; OTHERYJISE IT IS "0" 

T O  USER 
S U B S Y S T E M  

Figure 2. Bit Numbers for  Coded Commands 

92 



MJS77- 3- 290,  Rev c 

Table 5. Coded Command Accumulator Words fdr  Power Switching (Contd) 

CMD 
ID 

0 

1 

2 

3  

I 

I C (MAG CAL COIL ON) 
I CR (MaG CAL COIL O F F )  

ID (DSS BAY 2 HTR ON) 
IDR (DSS BAY 2 HTR O F F )  

l P H P  (SCAN P L T F M  SUP HTR O N  with CCIPHS) 
l P H P  (SCAN P L T F M  SUP HTR OFF;  with CCIPHRS) 

l P H R P  (SCAN P L T F M  SUP HTR O F F ;  with C C l P W )  
l P H R P  (SCAN P L T F M  SUP HTR ON; with CClPHRS) 

I P W  (SCAN P L T F M  SUP HTR ON; with C C l P H P )  
1 P W  (SCAN P L T F M  SUP HTR OFF;  with CCIPHRP)  

1 PHRS (SCAN P L T F M  SUP HTR' O F F ;  with CCI P H P )  
IPHRS (SCAN P L T F M  SUP HTR ON; with CCIPHRP)  

1 T (BAY 1 HTR ON) 
ITR (BAY 1 HTR O F F )  

2BI' (S-RAND EXCITER 1 SELECT; with CCZBS) 
2BP (3-BAND EXCITER 2 SELECT; w ~ l h  CCZBRS) 

2BRP (S-BAND EXCITER 2 SELECT; wlth CCZBS) 
2I31II' (S-BAN11 EXCITER I SELECT; w ~ t h  CCZBAS) 

2BS (S-BAND EXCITER 1 SELECT; with CCZBP) 
2BS (S-BAND EXCITER 2 SELECT; with CCZBRP) 

2BIIS (S-BAND EXCITER 2 SELECT; with CCZBP) 
2RItS (S-DAND EXC:ITER 1 SELECT; with CCZBRP) 

2CI' (S-.BAND TRANSMITTER 1 SELE%T; with CCZCS) 
2CP (S-BAND TRANSMITTER 2 SELECT; with CCZCRS) 

2CRP (5-BAND TRANSMITTER 2 SELECT; with CCZCS) 
2CRP (S-RAND TRANSMITTER 1 SELECT;  with CCZCRS) 

2CS (S-IIAKD TRANSMITTER 1 SELECT; with CC2CP) 
2CS ( S -  RAND TRANSMITTER 2 SELECT;  with CCZCRP) 

2CRS (S-BAND TRANSMITTER 2 SELECT; with 2CP)  
2CRS (5-BANI) TRANSMITTER 1 SELECT; with 2CRP) 

2 F P  (RC:VR 1 SELE'CT; with CCLFS) 
2 F P  (1IC:VR 2 SELECT; with CCZFRS) 

2F'R13 (HCVR Z SELECT; with CCZFS) 
2FRP (HCVR I SELECT; with CCZFRS) 

2t'S (RCVR 1 SELECT; with CCZFP) 
2b'S (RCVH 2 SELECT; with CCZFRP) 

2FRS (RCVR 2 SELECT: with CC2FP)  
2FRS (RCVR I SELECT; with CCZFRP) 

2CP (X-BAND TRANSMITTER POWER ON; with CCZCS) 
2GP (X-BAND TRANSMITTER POWER O F F ;  with CCZCRS) 

2GRP (X-BAND TRANSMITTER POWER O F F ;  with CCZGS) 
2CRP (X-RAND TRANSMITTER POWER ON; with CCZCRS) 

2GS (X-BAND TRANSMITTER POWER ON; with CCZGP) 
2CS (X-BAND TRANSMITI'ER POWER O F F :  with CCZGRP) 

Ground CMD Bll Number 

CCS Bit Number 

I'WR Address 

0 
0 

1 
1 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

I 
1 

1 
1 

I  
1 

1 
I 

I 
1 

1  
I  

1 
I 

I  
1 

1 
I  

1 
I 

I  
1 

I 
1 

0 
0 

0 
0 

0 
0 

.50 

18 

% & iz 

Spare 

Command Reject  

Decoder A 

Decoder B 

Command Reject  

51 52 53 54 

17 16 15 14 

0 0 1 0 1  

0 0 

0 1 

I 0  

I I  

55 56 57 58 59 60 61 62 63 64 65 66 

1 3  I 2  11 10 9 8 7 6 5 4 3 2 
pp 

0 0 

0 I  

1 0  

I I 

-. 

67 

1 

1 



MJS77-3-290, Rev C 

Table 5. Coded Command Accumulator .Words for Power Switching (Contd) 

+ 

ZGRS ( X - B A N D  T R A N S M I T T E R  P O W E R  O F F ;  with C C Z G P )  0  
ZGRS ( X - B A N D  TRANSMITI 'ER P O W E R  ON;  with C C Z G R P )  

2 J P  (X-BAND E X C I T E R  1 S E L E C T ;  with CCZJS)  
2 J P  (X-BAND E X C I T E R  2 S E L E C T ;  with CCZJRS)  

Z J R P  (X-BAND E X C I T E R  2 S E L E C T ;  with CCZJS)  
Z J R P  (X-BAND E X C I T E R  1 S E L E C T ;  with CCZJRS)  

ZJS (X-BAND E X C I T E R  1 S E L E C T ;  with C C Z J P )  
2 J S  (X-BAND E X C I T E R  2 S E L E C T ;  with C C Z J R P )  

2JRS ( X - B A N D  E X C I T E R  2 S E L E C T ;  with C C Z J P )  
ZJRS ( X - B A N D  E X C I T E R  1 S E L E C T ;  with C C Z J R P )  

2 K P  (S-BAND T R A N S M I T T E R  P O W E R  ON;  with CC2KS)  
2 K P  ( S - B A N D  T R A N S M I T T E R  P O W E R  O F F ;  with CCZKRS) 

2 K R P  (S-BAND T R A N S M I T T E R  P O W E R  O F F ;  with CC2KS) 
2 K R P  (S-BAND T R A N S M I T T E R  P O W E R  ON;  with CCZKRS) 

2KS (S-BAND T R A N S M I T T E R  P O W E R  O N ;  with C C 2 K P )  
2KS (S-BAND T R A N S M I T T E R  P O W E R  O F F ;  with C C Z K R P )  

2KRS ( S - B A N D  T R A N S M I T T E R  P O W E R  O F F ;  with 2 K P )  
2KRS ( S - B A N D  T R A N S M I T T E R  P O W E R  ON;  with 2 K R P )  

2 L P  ( X - B A N D  T W T A  1 S E L E C T ;  with C C Z L S )  
2LP  ( X - B A N D  T W T A  2 S E L E C T ;  with CC2LRS1 

2 L l I P  ( X - B A N D  T W T A  2 S E L E C T ;  with C C Z L S )  
2 L R P  ( X - B A N D  T W T A  1 S E L E C T ;  with C C Z L R S )  

2 L S  (X-RAND T W T A  1 S E L E C T ;  with C C Z L P )  
2 L S  (X-BAND T W T A  2 S E L E C T ;  with C C Z L R P )  

ZLRS ( X - B A N D  T W T A  2 S E L E C T ;  with C C Z L P )  
2 L R S  (X-BAND T W T A  1 S E L E C T ;  with C C Z L R P )  

2 M P  ( S - B A N D  E X C I T E R  P O W E R  ON; with CCZMS) 
Z X l P  ( S - B A N D  E X C I T E R  P O W E R  O F F :  with CCZMRS)  

ZMRP (S-BAND E X C I T E R  P O W E R  O F F ;  with CCZMS) 
ZMRP ( S - B A N D  E X C I T E R  P O W E R  ON; with CCZMRS) 

ZhtS (S-BAND E X C I T E R  P O W E R  ON; with C C Z M P )  
i .?!.IS 15-BAND E X C I T E R  P O W E R  O F F :  with C C 2  M R P )  

' ' I I tS (S-BAND E X C I T E R  P O W E R  O F F ;  with C C Z M P )  
('Xt115 ( S - B A N D  E X C I T E R  P O W E R  ON; with C C Z M R P )  

! 
. 

0 .  

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0  
0  

0  
0 

0  
0 

0  
0  

1 
1 

1 
1 

1 
1 

1 
1 

0 0 0 1 0 1 0  
0 0 0 1 0 1 0  

0 0 0 1 0 1 1  
0 0 0 1 0 1 1  

1 0 0 1 1 1 0  
1 0 0 1 1 1 0  

l O O l l l l  
1 0 0 1 1 1 1  

0 0 0 0 1 0 0  
0 0 0 0 1 0 0  

0 0 0 0 1 0 1  
0 0 0 0 1 0 1  

1 0 0 0 0 0 0  
1 0 0 0 0 0 0  

1 0 0 0 0 0 1  
1 0 0 0 0 0 1  

0  0  0  0  1 . 1  0  
0 0 0 0 1 1 0  

0 0 0 0 1 1 1  
0 0 0 0 1 1 1  

1 0 0 0 0 1 0  
1 0 0 0 0 1 0  

1 0 0 0 0 1 1  
1 0 0 0 0 1 1  

0 1 1 0 0 1 0  
0 1 1 0 0 1 0  

0 1 1 0 0 1 1  
0 1 1 0 0 1 1  

1 1 1 0 1 1 0  
1 1 1 0 1 1 0  

1 1 1 0 1 1 1  
l l l 0 l l l  

- 
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Table 5. Coded Command Accumulator Words f o r  Power Switching (Contd) 

CMD 
I D  

O 

1 

2 

3 

3 B P  (TMU POWER ON; with CC3BS) 
3 B P  (TMU POWER O F F ;  with CC3BRS) 

3BRP (TMU POWER O F F ;  with CC3BS) 
3BRP (TMU ON; with CC3BRS) 

3BS (TMU POWER ON; with CC3BP) 
3BS (TMU POWER O F F ;  with CC3BRP) 

3BRS (TMU POWER O F F ;  with CC3BP) 
3BRS (TMU POWER ON; with CC3BRP) 

3GP (TMU-A SELECT; with CC3GS) 
3GP (TMU-B SELECT; wlth C(33GRS) 

3GRP (TMU-B SELECT; wlth CC3GS) 
3GRP (TMU-A SELECT; with CC3GRS) 

3GS (TMU-A SELECT; with CC3GP) 
3GS (TMU-B SELECT; wlth CC3GRP) 

3GRS (TMU-B SELECT; with CC3GP) 
3GRS (TMU-A SELECT; with CC3GRP) 

3HP (CDU A SELECT; with CC3HS) 
3HP (CDU B SELECT; with CC3HRS) 

3HRP (CDU B SELECT;  with CC3HS) 
3HRP (CDU A SELECT; with CC3HRS) 

3HS (CDU A SELECT; wlth CC3HP) 
3HS (CDU B SELECT; wlth CC3HRP) 

3HRS (CDU B SELECT; with CC3HP) 
3HRS (CDU A SELECT; wlth CC3HRP) 

4A (UNDER VOLTAGE RESET) 

4K (RTG 1 DIODE BYPASS ON) 

4KR (RTG 1 BYPASS O F F )  

4 L  ( R  TG 2 DIODE BYPASS ON) 

4LR (RTG 2 DIODE BYPASS O F F )  

4M (RTG 3 DIODE BYPASS ON) 

4MR (RTG 3 DIODE BYPASS O F F )  

G r O u n d C M D B 1 t  Number 

CCS Blt Number 

P W R  Address  

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 

1 

1 

1 

1 

1 

1 

50 

18 

* 

{ 
$ 3  
a m  

S p a r e  

Command Reject 

Decoder A 

Decoder B 

Command Reject 

0 0 0 0 0 0 0  
0 0 0 0 0 0 0  

0 0 0 0 0 0 1  
0 0 0 0 0 0 1  

1 0 0 0 1 0 0  
1 0 0 0 1 0 0  

1 0 0 0 1 0 1  
1 0 0 0 1 0 1  

0 0 0 0 0 1 0  
0 0 0 0 0 1 0  

0 0 0 0 0 1 1  
0 0 0 0 0 1 1  

1 0 0 0 1 1 0  
1 0 0 0 1 1 0  

1 0 0 0 1 1 1  
1 0 0 0 1 1 1  

0 0 1 0 0 0 0  
0 0 1 0 0 0 0  

0 0 1 0 0 0 1  
0 0 1 0 0 0 1  

1 0 1 0 1 0 0  
1 0 1 0 1 0 0  

1 0 1 0 1 0 1  
1 0 1 0 1 0 1  

1 1 0 1 0 1 1  

1 1 1 0 0 0 0  

1 1 1 0 0 0 1  

1 1 1 0 0 1 0  

1 1 1 0 0 1 1  

1 0 1 1 0 0 0  

1 0 1 1 0 0 1  

51 52 53 54 

17 16 15 14 

0 0 1 0 1  

v 

0  0  

0  1 

1 0  

1 1  

55 56 5 7  58 59 60 61 6 2  63 6 4  65 66 

13 12 1 1  10 9 8 7 6 5  4 3  2  

0  0  

0  1 

1 0  

1 1  

-. 

6 7  

1 

1 
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Table 5. Coded C o m m a n d  Accumulator Words for  Power Switching (Contdf 

6AP (FDS POWER CONVERTER A SELECT;  wi th  CC6AS) 
6 A P  (FDS POWER CONVERTER B SELECT:  wi th  CC6ARS) 

6ARP (FDS POWER CONVERTER B S E L E C T ;  with CC6AS) 
6ARP (FDS POWER CONVERTER A SELECT;  wi th  CC6ARS) 

6AS (FDS POWER CONVERTER A SELECT;  with CC6AP)  
6AS (FDS POWER CONVERTER B S E L E C T ;  with CC6ARP)  

6ARS (FDS POWER CONVERTER B SELECT;  with CC6AP)  
6ARS (FDS POWER CONVERTER A S E L E C T ;  wi th  CC6ARP)  

6 C P  (FDS POWER ON/ISS POWER ENABLE; with CC6CS) 
6 C P  (FDS POWER OFF/ ISS  POWER DISABLE; with CC6CRS) 

6CRP (FDS POWER OFF/ ISS  POWER DISABLE; with CC6CS) 
6 C R P  (FDS POWER ON/ISS POWER ENABLE; wi th  CC6CRS) 

6CS (FDS POWER ON/ISS POWER ENABLE;  with CC6CP)  
6CS (FDS POWER OFFI ISS  POWER DISABLE; with CC6CRP)  

6CRS (FDS POWER O F F l I S S  POWER DISABLE; with CC6CP)  
6CRS (FDS POWER ON/ISS POWER ENABLE; with CC6CRP)  

7AHP (SUN SENSOR HTR A ON, wi th  CC7AHS) 
7AHP (SUN SENSOR HTR A O F F ,  wi th  CC7AHRS) 

7AHRP (SUN SENSOR HTR A O F F ,  wi th  CC7AHS) 
7AHRP (SUN SENSOR HTR A ON, with CC7AHRS) 

7AHS (SUN SENSOR HTR A ON, wi th  CC7AHP) 
7AHS (SUN SENSOR HTR A O F F ,  with CC7AHRP) 

7AHRS (SUN SENSOR HTR A ON, wi th  CC7AHRP) 
7AHRS (SUN SENSOR HTR A O F F ,  wi th  CC7AHP) 

7BAP (HTR A ON; with CC7BAS) 
7BAP (HTR A O F F ;  with CC7BARS) 

7BARP (HTR A ON; with CC7BAIS) 
7BARP (HTR A O F F ;  with CC7BAS) 

7BAS (HTR A O N ;  with CC7BAP) 
7BAS (HTR A O F F ;  with CC7BARP) 

7BARS (HTR A ON; with CC7BARP) 
7BARS (HTR A O F F ;  with CC7BAP) 

7 B B P  (HTR B ON: with CC7BBS) 
7 B B P  (HTR B O F F ;  with CC7BBRS) 

7BBRP (HTR B ON; with CC7BBRS) 
7BBRP (HTR B O F F ;  with CC7BBS) 

7BBS (HTR B ON: with CC7BBP)  
7BBS (HTR B O F F ;  with CC7BBRP) 

7BBRS (HTR B ON; with CC7BBRP) 
7BBRS (HTR B O F F ;  with CC7BBP)  

7BHP (SUN SENSOR HTR B ON, with CC7BHS) 
7BHP (SUN SENSOR HTR B O F F ,  with CC7BHRS) 

r T 
G r o u n d C M D B i t  Number  5 0  51  52 53 54 55 56 57  58 59 60  61  62 63 6 4  65 6 6 .  6 7  

CCS Bit Number  
* 

CMD PWR A d d r e s s  0 0 1 0 1  1 
ID 

O 

1 

2 

3 

s, < 2 
2 
'VL 

S p a r e  

C o m m a n d  Rejec t  

Decoder  A 

Decoder  B 

Command  Reject  

0 0 

0  1  

1 0  

1 1  

0 0 

0 1 

1 0  

1 1  

- 
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Table 5. Coded Command Accumulator Words for  Power  Switching (Contd) 

C M D  
ID 

O 

1 

2  

3 

7 B H R P  (SUN SENSOR HTR B ON, with CC7BHRS)  
7 B H R P  (SUN SENSOR HTR B O F F ,  with CC7BHS) 

7BHS (SUN SENSOR HTR B ON, with C C 7 B H P )  
7BHS (SUN SENSOR HTR B O F F ,  with C C 7 B H R P )  

7BHRS (SUN SENSOR HTR B ON, with C C 7 B H R P )  
7BHRS (SUN SENSOR HTR B O F F ,  with C C 7 B H P )  

7GAP (GYRO A ON;  with CC7GAS) 
7 G A P  (GYRO A O F F ;  with CC7GARS) 

7 G A R P  (GYRO A O F F ;  with CC7GAS) 
7GARP (GYRO P, O N ;  with CC7GARS) 

7GAS (GYRO A O N ;  with C C 7 G A P )  
7GAS (GYRO A O F F ;  with C C 7 G A R P )  

7GARS (GYRO A O F F ;  with C C 7 G A P )  
7GARS (GYRO A O N ;  with C C 7 G A R P )  

7 G B P  (GYRO B O N ;  with CC7GBS) 
7 G E P  (GYRO B O F F ;  with CC7GBRS)  

7 G B R P  (GYRO B O F F ;  with CC7GBS) 
7 G B R P  (GYRO B O N ;  with CC7GBRS) 

7GBS (GYRO B ON;  with C C 7 G B P )  
7GBS (GYRO B O F F ;  with C C 7 G B R P )  

7GBRS (GYRO B O F F ;  with C C 7 G B P )  
7GBRS (GYRO B ON;  with C C 7 G B R P )  

7 G C P  (GYRO C ON: with CC7GCS)  
7 G C P  (GYRO C O F F ;  with CC7GCRS) 

7 G C R P  (GYRO C O F F ;  with CC7GCS) 
7 G C R P  (GYRO C ON; with CC7GCRS)  

7GCS (GYRO C O N ;  with C C 7 G C P )  
7GCS (GYRO C O F F ;  with C C 7 G C R P )  

7GCRS (GYRO C O F F ;  with C C 7 G C P )  
7GCRS (GYRO C O N ;  with CC7GCRP)  

7 H 1 P  (HYBIC 1  klAJOR POWER S U P P L Y  
O N ;  with CC7HIS)  

7 H 1 P  (HYBIC 1 MAJOR P O W E R  S U P P L Y  
O F F ;  with C C 7 H I R S )  

7 H l R P  (HYBIC 1  MAJOR POWER 
S U P P L Y  O F F ;  with C C 7 H l S )  

7 H l R P  (HYBIC 1 MAJOR POWER 
S U P P L Y  ON;  with C C 7 H l R S )  

7H1S (HYBIC 1 MAJOR S U P P L Y  ON; 
with C C 7 H l P )  

7H1S (HYBIC 1 MAJOR S U P P L Y  O F F ;  
with CC7H I I ? P )  

7 H l R S  (HYBIC 1  MAJOR POWER S U P P L Y  
O F F ;  with C C 7 H l P )  

7 H l R S  (HYBIC 1  MAJOR POWER S U P P L Y  
O N ;  with CC7H1RP)  

1  
1  

1 
1  

1  
1  
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 

0 

0  

0 

0 

0 .  

0 

G r o u n d  CMDBlt N u m b e r  

CCS B1t N u m b e r  

P W R  A d d r e s s  

5 0  

1 8  

51 52 53 54  

17 16 1 5  14  

0 0 1 0 1  

55  56 57 58  5 9  6 0  6 1  62 63  6 4  65 66 

13 1 2  1 1  10  9 8 7 6 5  4  3 2 

* 
2 

;a LO 

6 7  

1  

1  

S p a r e  

Comrriand Re jec t  

D e c o d e r  A  

D e c o d e r  k3 
C o m m a n d  Re jec t  

0  0 

0  1  

1 0  

1 1  

0  0  

0  1  

1 0  

1 1  

- 
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Table 5. Coded Command Accumulator Words for Power Switching (Contd) 

7H2P (HYBIC 2  MAJOR POWER S U P P L Y  
ON;  with CC7HZS) 

7H2P (HYBIC 2  MAJOR POWER SUPPLY 
O F F :  with CC7H2RS) 

7H2RP (HYBIC 2  MAJOR POWER 
S U P P L Y  O F F ;  with CC7HZS) 

7H2RP (HYDIC 1  MAJOR POWER 
S U P P L Y  ON; with CC7H2RS) 

67 

1  

1 
CMI) 

1  D 

0  

1 

2 

3 

7H2S (HYHIC 2  ,MAJOR POWER S U P P L Y  
ON: with CC7H2P)  

7H2S (HYBIC 2  MAJOR POWER SUPP1,Y 
O F F :  with CC7HLRP) 

7HZRS (HYIIIC 2  MAJOR POWER 
SUPPLY O F F :  with CC7H2P)  

7H2RS (HYRIC 2  MAJOR POWER 
S U P P L Y  ON: with CC7H2RP)  

7MMP ( P R O C I M E M  1 S E L E C T :  
with CC7MMS) 

7L11MP ( P R O C I M E M  2 S E L E C T :  
with CC71MMRS) 

55 56 57 58  59 6 0  61  62 63 64  65 66 

13 12  11 1 0 9  8 7 6 5 4 3 2  

0  0 

0  I  

1 0  

1 1  

Ground CMD Bit Number  

CCS Bit Nunlber 

P W R  A d d r e s s  

S p a r e  

7;LIMRP ( P R O C I M E M  2 S E L E C T :  
with CC7MMS) 

7MMRP ( P R O C I M E M  1 S E I X C T ;  
~ ~ i t h  CC7h4MRS) 

7MMS ( P R O C I M E M  1 S E L E C T :  
with CC7MMP)  

7MMS ( P R O C I M E M  2 S E L E C T :  
x i t h  CC7MMRP)  

50 

7MMRS ( P R O C I M E M  2 S E L E C T :  
with C C ~ M L M P )  

7MMRS (PROCIMEM 1 S E L E C T :  
with CC7MMRP)  

0  0  

0  1 

1 0  

1 1  

- 

51 52 53 54 

1 8 1 7  16 15 14 

0 0 1 0 1  

u d 
$ 

g 

75111' (AZIRIITII  ACTI'ATOR IIEATFI: O h :  \\it11 C:C75F!Sl 
75111' :\%ILIL~TII .4CTCATOll I1F:ATFIR OFF:  

\\ it11 CC7511RS) 

C o m m a n d  R c j r c t  

Decode r  A 

Decoder  B 

Comnlantl  Reject 

75tII: t '  (AZIhlL-TI1 ACTL'ATOI< IIFATEI< O F F :  
\ \ i t \ ]  CC75115) 

751!RP (.ALIklVTIl ACTr'ATOll IIE.4TER OK: 
\\it11 CC75111:SI 
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Table 5. Coded Command Accumulator  Words for  Power  Switching (Contd) 

CMD 
ID 

- 
0 

1 

2 

3 

- 
67 

1 

1 

55 56 57 58 59 60 61 62 63 64 65 66 

13 12 1 1  10 9 8 7 6 5 4 3 2 

0 0 

0 1 

1 0  

1 1  

1 

Ground CMD Bit Number  

CCS Bit Number  

P W R  Addres s  

S p a r e  

1 0 1 1 1 0 1  

I O i I 1 1 l l  

' 0 0 1 0 0 1 1  
0 0 1 0 0 1 I  

O O l O O l O  
0 0 1 0 0 1 0  

1 0 1 0 1 1 1  
l O l 0 l l I  

1 0 1 0 1 1 0  
1 0 1 0 1 1 0  

0 0 1 1 0 1 1  
0 0 1 1 0 1 1  

0 0 1 1 0 1 0  
0 0 1 1 0 1 0  

l O l l l l l  
1 0 1 1 1 1 1  

1 0 1 1 1 1 0  
1 0 1 1 1 1 0  

0 1 0 0 0 1 I  
0 1 0 0 0 1 1  

0 1 0 0 0 1 0  
0 1 0 0 0 1 0  

1 1 0 0 1 1 1  
1 1 0 0 1 1 1  

1 1  0  0  1 1 - 0  
1 1 0 0 1 1 0  

7SHRS (4ZIMUTH ACTUATOR HE.\TER O F F ;  w i t h  
CC7SHP) 

7SHRS (AZIMUTH ACTUATOR HE.4TER.ON; with 
CC7SHRP) 

7TSP (CST SUN SHUTTER ON; with CC7TSS) 
7TSP (CST SUN SHUTTER O F F ;  with CC7TSRS) 

7TSIlP (CST SUN SHUTTER O F F :  with CC7TSS) 
7TSI<P (CST SUN SHUTTER ON; x i t h  CC7TSRS) 

7TSS (CST SUN SHUTTER ON: with CC7TSP)  
7TSS (<:ST SUN SHUTTER O F F ;  with CC7TSRP) 

7TSRS (CST SUN SHUTTER O F F ;  with CC7TSP)  
7'I'SI<S (CST SUN SHUT'I'ER ON: with CC7TSIlP)  

. - 

7 T l P  (CST I O h ;  with CC7Tl.S) 
7 T I P  (CST I O F F ;  lvitll CC7TIRS)  

7 T l R P  (CST 1  O F F ;  with CC7TlS)  
7T II1P (CST 1  OF;; with CC7TlRS)  

7T 15 (CST 1  OK: with CC7T I P )  
7T15 (CST 1 O F F ;  with CC7T 1RP)  

7T1RS (CST 1 O F F ;  with C C 7 T I P )  
7TIRS (CST 1  O h :  with C C 7 T I R P )  

7T2P  (CST L OK; with CC7T2S) 
7T2P  (CST 2  O F F ;  with CC7T2RS) 

7T2RP (CST 2  O F F ;  with'CC7TSZ) 
7TLRP (CST 2 OK; with CC7TZRS) 

7T2S (CST 2  ON: with CC7T2P)  
7TLS (CST 2  O F F ;  with CC7TZRP) 

7T2RS (CST 2 OFF'; with CC7TZP)  
7T2RS (C5T 2  OK; with CC7T2RP)  

1  

I 

0  
0  

0  
0  

0  
0  

0  
0  

0  
0  

0  
0  

0  
0  

0 : I  1 0  

0  
0  

0  
0  

0  
0  

50 

18 

0 0 

0 1 

1 0  

1 1  - 

51 52 53 54 

17  16 15 14 

0 0 1 0 1  

al U 

h: 
4 

:$ CI 

Command Reject  

Decode r  A 

Decoder  B 

Command  Rejec t  
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Table 5. Coded Command Accumulator Words for Power Switching (Contd) 

7 V I P  (IS0 V A L V E  BRANCH 1 ON; w i t h  
C C N I S )  

N l P  (IS0 V A L V E  BRANCH 1 O F F ;  w i t h  
C C 7 V l R S )  

N l R P  (IS0 V A L V E  BRANCH 1 O F F ;  
w i t h  C C N l S )  

7 V l R P  ( I S 0  V A L V E  BRANCH 1 ON; 
w i t h  C C N I R S )  

6 7  

1 

1 C M D  
ID 

O 

1 

2 

3 

N I S  (IS0 V A L V E  BRANCH 1 ON;  
w i i h  C C N  1 P )  

7V1S (IS0 V A L V E  BRANCH 1 O F F ;  
w i t h  C C N l R P )  

5 5  56  5 7  5 8  59 6 0  6 1  62 6 3  6 4  6 5  6 6 -  

1 3  1 2  1 1  1 0  9 8 7 6 5 4 3 2 

0 0 

0 1 

1 0  

1 1  

G r o u n d C M D B i t N u m b e r  

C C S  Bi t  N u m b e r  

P W R  A d d r e s s  

S p a r e  

7 V l R S  (IS0 V A L V E  BRANCH 1 O F F ;  
w i t h  C C N  1 P )  

N l R S  (IS0 V A L V E  BRANCH 1 ON; 
w i t h  C C T V l R P )  

7 V 2 P  (1% V A L V E  BRANCH 2 ON;  
wi th  C C 7 V 2 S )  

7 V 2 P  (IS0 V A L V E  BRANCH 2 O F F ;  
w i t h  C C N 2 R S )  

5 0  

1 8  

N 2 R P  (IS0 V A L V E  BRANCH 2 O F F ;  
w i t h  CC7V2S) 

N Z R P  (IS0 V A L V E  BRANCH 2 ON; 
w i t h  C C N 2 R S )  

0 0 

0 1 

1 0  

1 1  

- 

5 1  52  53 54 

1 7  1 6  1 5  1 4  

0 0 1 0 1  

s, 

5 
g 3 

7V2S (1% V A L V E  BRANCH 2 ON;  
w i t h  C C N Z P )  

N 2 S  (IS0 V A L V E  BRANCH 2 O F F ;  
w i t h  C C ' N Z R P )  

C o m m a n d  R e j e c t  

D e c o d e r  A 

D e c o d e r  B 

C o m m a n d  R e j e c t  

7VZRS ( I S 0  V A L V E  BRANCH 2 O F F ;  
w i t h  C C W 2 P )  

N Z R S  (IS0 V A L V E  BRANCH 2 ON; 
w i t h  C C N Z R P )  
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8A (PSU A ON) 

8AR (PSU A O F F )  

8 B  (PSU B ON) 

8BR (PSU B O F F )  

8 D  (PSU INSTRUMENTATION ON) 

8DR (PSU INSTRUMENTATION O F F )  

C M D  
ID 

0 

1 

2 

3 

l O C P  ( T C M  HEATER ON; with CClOCS)  
l O C P  ( T C M  HEATER O F F ;  with CClOCRS)  

lOCRP (TCM HEATE:R O F F ;  with CClOCS)  
lOCRP ( T C M  HEATER ON; with CClOCRS)  

lOCS ( T C M  HEATER ON; with C C l O C P )  
IOCS ( T C M  H E A T E R  O F F ;  with C C l O C R P )  

lOCRS ( T C M  HEATER O F F ;  with C C l O C P )  
lOCRS ( T C M  H E A T E R  ON; with C C l O C R P )  

IOD ( A P  B R 1  HTRS ON) 

IODR ( A P  B R 1  H T E S  O F F )  

1 0 E  ( A P  BR2 HTRS ON) 

lOER ( A P  BR2 HTRS O F F )  

1 0 F  ( IPU VALVE H T R S  ON) 
lOFR ( IPU VALVE H T R S  O F F )  

10G ( IPU THRUSTER HTRS ON) 
lOGR ( IPU THRUSTER H T R S  O F F )  

10H ( I P U  REDUNDANT VALVE H T R  ON) 
lOHR ( IPU REDUNDANT V A L V E  HTR O F F )  

Ground  CMD Bit N u m b e r  

C C S  Bit N u m b e r  

PWR A d d r e s s  

50 

18  

2 
o P, 
U 3 

4 

S p a r e  

C o m m a n d  R e j e c t  

D e c o d e r  A 

D e c o d e r  B 

C o m m a n d  R e j e c t  

51  52 53 54  

17  16 15 14 

O O l b l  

0 0 

0 1 

1 0  

1 1  

55 56 57 58 59 60  6 1  62  63 64 6 5  66  

13 12  1 1  10 9 8 7 6 5 4 3 2 

6 7  

1 

I 

+ L J 
- 

0 0 

0 1 

1 0  

1 1  

- 
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6 7  

1 

1 

55  56 57  5 8  59 6 0  61 62 63 6 4  65  66 

13 1 2  11  10  9 8 7  6 5 4 3 2  

- 

- 0  0 

0  1  

1 0  

I 1  

CM D 
ID 

0  

1  

2 

3 

G r o u n d  C M D  Blt N u m b e r  

CCS Bit h'utnher 

P W R  A d d r e s s  

Spa r t ,  

0 1 1 1 0 1 0  
0 1 1 1 0 1 0  

0 1 1 1 0 1 1  
0 1 1 1 0 1 1  

1 1 1 1 1 1 0  
1 1 1 1 1 1 0  

1 1 1 1 1 1 1  
1 l 1 1 1 1 1  

0 0 0 1 1 0 0  
0 0 0 1 1 0 0  

0 0 0 1 1 0 1  
0 0 0 l l O l  

1 0 0 1 0 0 0  
1 0 0 1 0 0 0  

1 0 0 1 0 0 1  
1 0 0 1 0 0 1  

I l l 0 0 0 0  
I 1 1 0 0 0 1  

1 1 1 1 0 0 0  

1 1 1 1 0 0 1  

0 0 1 0 1 0 0  

0 0 1 0 1 0 1  

1 1 1 1 0 1 0  

1 1 1 1 0 1 1  

0 1 1 0 1 0 0  

0 1 1 0 1 0 1  

0 0 1 1 0 1 0  

0 0 1 1 0 1 0  

IOTP ( T C M  LINE FITRS ON; u i t h  CCIODTS) 
1 0 T P  ITCM LINE FITRS O F F :  wlth CCIOTRS)  

I OTRP ( T C M  LINE FITRS ON: with CCIOTRS) 
1 0 T R P  ( T C M  LINE 1ITRS O F F .  w ~ t h  CCIOTS) 

IOTS (TCM LINE FITRS ON,  u i t h  C C I O T P )  
IOTS ( T C M  L l N E  I iTRS O F F :  u ~ t h  C C I O T R P )  

10TRS ( T C M  LINE IITRS ON,  u l t h  C C I O T R P )  
10TRS ( T C M  LINE IITRS O F F .  with C C I O T P )  

I J A P  (DSS ON, with CC16AS) 
l 6 A P  (DSS O F F :  wlth CC16ARS) 

I 6 A R P  (USS O F F :  wlth CC16AS) 
1 6 A R P  (DSS ON: with CC16ARS) 

16A5 (DSS ON. wlth C C l b A P )  
l6AS (DSS O F F :  wlth C C 1 6 A R P )  

lhARS (DSS O F F ,  w ~ t h  C C 1 6 A P )  
l6ARS (DSS ON. wlth C C 1 6 A R P )  

16R (DSS R E P L A C E M E N T  H E A T E R  ON) 
lbI3R (DSS R E P L A C E M E N T  HEATER O F F )  

LlA (CRS ON) 

LlAR (CRS O F F )  

LlR (CRS R E P L A C E V E N T  H E A T E R  ON) 

2 IRR (CRS R E P L A C E M E N T  FIEATER O F F )  

L 1C (CRS S U P P L E M E N T A L  H F A T E R  ON)  

LlCR ( C R S  S U P P L E M E N T A L  H E A T E R  O F F )  

LLA ( P R A  ON) 

LLAR ( P R A  O F F )  

LLRP ( P R A / P W S  ANTENNA DEPLOY MOTOR 
ON, wlth CCZLBS) 

LLBP (PRA/PWS ANTENNA DEPLOY MOTOR 
O F F .  u~it l i  CCLZBRS) 

I 
j 
I 
I 

/ 
: 

I 
I 

1 
1  

1  
1  

1  
1  

0  
0  

0  
0  

0  
0  

0  
0  

0  
0  

0  

0  

1  

1  

0  

0  

0  

0  

1  

I  

50  

1 8  

5 1  52 i 3  54 

17 1 6  15  14 

' 0 0 1 0 1  

h 

4 
Z ;  
6Vl 

C o m m a n d  R e ~ e c t  

D e c ~ d e r  A 

Decoder  B 

Cornmant i  Re jec t  

0  0  

0 1  

1 0  

1 I  

1 - 
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22BRP (PRA/PWS ANTENNA DEPLOY MOTOR 1 
O F F ;  with CC22BS) 

22BRP (PRA/PWS ANTENNA DEPLOY MOTOR 1 
ON; with CCZZBRS) 

22BS (PRA/PWS ANTENNA DEPLOY MOTOR 1 
ON; with CC22BP) 

ZZBS (PRA/PWS ANTENNA DEPLOY MOTOR 1 
O F F ;  with CCZZBRP) 

22BRS (PRA/PWS ANTENNA DEPLOY MOTOR 1 
O F F ;  with CC22BP) 

22BRS (PRA/PWS ANTENNA DEPLOY MOTOR 1 
ON; with  CC22BRP) 

23A (PWS ON) 0 

23AR (PWS O F F )  0 

25A (LECP ON) 0 

25AR (LECP O F F )  0 

25B (LECP S T E P P E R  MOTOR ON) 1 

25BR (LECP S T E P P E R  MOTOR O F F )  1 

2SC ( L E C P  REPLACEMENT HEATER ON) 1 

25CR (LECP REPLACEMENT HEATER O F F )  1 

25D (LECP MAIN SUPPLEMENTAL HEATER ON) 1 

25DR (LECP MAIN SUPPLEMENTAL HEATER O F F )  1 

25E ( L E C P  L E P T  SUPPLEMENTAL HEATER ON) 1 

25ER (LECP L E P T  SUPPLEMENTAL HEATER O F F )  1 

27A (PPS ON) 1 

27AR (PPS O F F )  1 

27B ( P P S  SUPPLEMENTAL HEATER ON) 1 
27BR ( P P S  SUPPLEMENTAL HEATER O F F )  1 

CMD 
ID 

O 

1 

2 

3 

Ground C M D B i t  Number 

CCS Bit Number 

PWR Address  

50 

18 

&, 

4 $ 
04' 

8 2 

S p a r e  

Command Reject 

Decoder A 

Decoder B 

Command Reject 

51 52 53 54 

17 16 15 14 

0 0 1 0 1  

0 0 

0 1 

1 0  

1 1  

55 56 57 58 59 60 61 62 63 64 65 66 

13 12 1 1  10 9 8 7 6 5 4 3 2 

0 0 

0 1 

1 0  

1 1  

67 

1 

1 

+ 
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1 

0 0 1 1 1 1 0  

0 0 1 1 1 1 1  

0 0 1 1 1 1 0  

0 0 1 1 1 1 1  

0 1 0 1 1 0 0  

0 1 0 1 1 0 1  

0 1 0 1 1 0 0  

0 1 0 1 1 0 1  

0 1 0 1 1 1 0  

0 1 0 1 1 1 1  

0 1 0 1 1 1 0  

0 1 0 1 1 1 1  

0 1 1 1 1 0 0  

0 1 1 1 1 0 1  

1 1 0 0 0 0 0  

1 1 0 0 0 0 1  

1 0 1 0 0 1 0  

1 0 1 0 0 1 1  

1 0 1 0 0 0 0  

1 0 1 0 0 0 1  

0 1 1 1 1 1 0  

O l l l l l l  

1 1 0 0 0 1 0  

1 1 0 0 0 1 1  

1 1 1 0 0 1 0  

1 1 1 0 0 ! 1  

- 

67  

1  

1  CMD 
ID  

O 

1 

2  

3  

32A ( P L S  ON) 

32AR ( P L S  O F F )  

32B ( P L S  SUPPLEMENTAL HEATER ON) 

32BR ( P L S  SUPPLEMENTAL HEATER O F F )  

32C ( P L S  RF-PLACEMENT HEATER ON) 

32CR ( P L S  REPLACEMENT HEATER O F F )  

34A (UVS ON) 

34AR (UVS O F F )  

34B (UVS REPLACEMENT HEATER ON) 

34BR (UVS REPLACEMENT HEATER O F F )  

35A (MAG ON) 

35AR (MAG O F F )  

35B (MAG STANDBY ON) 

35BR (MAG STANDBY O F F )  

35C (MAG IBLFM FWD F L I P P E R  ON) 

35CR (MAG I B L F M  F W D  F L I P P E R  O F F )  

35D (MAG IBLFM REV F L I P P E R  ON) 

35DR (MAG IBLFM REV F L I P P E R  O F F )  

35E (MAG OBLFM FWD F L I P P E R  ON) 

35ER (MAG OBLFM F W D  F L I P P E R  O F F )  

3 5 F  (MAG O B L F M  REV F L I P P E R  ON) 

35FR (MAG OBLFM REV F L I P P E R  O F F )  

35G (MAG SENSOR HEATERS ON) 

35GR (MAG SENSOR IIEATERS O F F )  

0  

0  

1  

1  

1  

1  

0  

0  

1  

1  

0  

0  

0  

0  

0  

0  

0  

0  

0  

0  

0  

0  

0  

3 6 ~ 3  (ISS h A  ON) 

I O 

0  

3 6 n n  (ISS W A  OFF) o 

55 56 57  5 8  59 6 0  61 62  63 64  65 66 

1 3  1 2  1 1  1 0  9  8 7 6 5  4  3  2  
- - 

0  0  

0  1  

1 0  

1 1  

Ground CMD Blt Number  

CCS Blt  Number  

P W R  A d d r e s s  

S p a r e  

5 0  

1 8  

0  0  

0  1  

1 0  

1 1  

- - 

51 52 53 54 

1 7  16 15 14 

0 0 1 0 1  

k 

$ 5 
iz * 

C o m m a n d  Rejec t  

Decoder  4 

Decoder  B  

C o m m a n d  Reject  
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3 6 C P  (ISS NA OPTICS HEATER ON; w i t h  CC36CS) 
3 6 C P  (ISS NA OPTICS HEATER O F F ;  wi th  CC36CRS) 

CMD 
ID 

0 

1  

2  

3 

3 6 C R P  (ISS NA OPTICS H E A T E R  O F F ;  w i t h  CC36CS) 
3 6 C R P  (ISS NA OPTICS HEATER ON; wi th  CC36CRS) 

36CS (ISS NA OPTICS H E A T E R  ON; wi th  CC36CP)  
36CS (ISS NA OPTICS HEATER O F F ;  with CC36CRP) 

36CRS (ISS NA OPTICS HEATER O F F :  wi th  CC36CP 
36CRS (ISS NA OPTICS HEATER ON; wi th  CC36CRP) 

Ground CMD B1t Number  

CCS l31t Number  

PWR Addres s  

36DP (ISS NA ON; w i t h  CC36DS) 
36DP (ISS NA OFF:  with CC36DRS) 

5 0  

18 

..., 
:$ n 

36DRP (ISS NA O F F ;  w ~ t h  CC36DS) 
36DRP (ISS NA ON; wi th  CC36DRS) 

S p a r e  

Command  Reject  

Decoder  A ' 
Decoder  B 

C o ~ n m a n d  n e j e c t  

36DS (ISS NA ON; with CC36DP) 
36DS (ISS NA O F F ;  with CC36DRP) 

51 52 53 54 

17 16 15 14 

0 0 1 0 1  

36I)RS (ISS NA O F F ;  with CC36DP) 
361)RS (ISS NA ON; with CC36DRP) 

5 5  56 57 58  59 63 61 62 63 64 6 5  6C 

13 12 11 10 9 8 7 6  5 4 3 2 

0 0  

0 1 

1 0  

1 1  

3 6 F P  (ISS NA VID REPLACEMENT H E A T E R  ON; with CC36FS 
3 6 F P  (ISS NA VID REPLACEMENT HEATER O F F ;  w i t h  
CC36F RS) 

0  0  

0  1  

1 0  

1 1  

c-.--' 

3 6 F R P  (ISS NA VID REPLACEMENT HEATER O F F ;  wi th  
CC36FS) 
3 6 F R P  (ISS NA VID REPLACEMENT HEATER O N ;  with 
CC36FRS) I 
36FS (ISS NA VID REPLACEMENT HEATER ON; wi th  
CC36FP)  
36FS (ISS NA VID REPLACEMENT H E A T E R  O F F ;  wi th  
CC36FRP)  

36FRS (ISS NA VID REPLACEMENT HEATER O F F ;  with 
C C 3 6 F P )  
36FKS (ISS NA VID REPLACEMENT H E A T E R  ON; with 
CC36FRP)  



MJS77-3-290, Rev C 

Table 5. Coded Command Accumulator Words fo r  Power Switching (Contd) 

67 

1  

1  

55 56 57 58 59 60  6 1  62 6 3  6 4  6 5  66 

13 12 11 10 9  8  7 6  5  4 3 2 

0  0  

0  1  

1 0  

1 0  

C M D  
ID 

36G (ISS WA VID R E P L A C E M E N T  H E A T E R  ON) 

36GR (ISS WA VID R E P L A C E M E N T  H E A T E R  O F F )  

36H (ISS WA E L E C  R E P L A C E M E N T  H E A T E R  ON)  

36HR (ISS WA E L E C  R E P L A C E M E N T  H E A T E R  O F F )  

3 6 J P  (ISS NA E L E C  R E P L A C E M E N T  H E A T E R  ON; with 
CC36JS)  
3 6 J P  (ISS NA E L E C  R E P L A C E M E N T  H E A T E R  O F F ;  with 
CC36JRS)  

3 6 J R P  (ISS NA E L E C  R E P L A C E M E N T  H E A T E R  O F F ;  with 
CC36JS)  
3 6 J R P  (ISS NA E L E C  R E P L A C E M E N T  H E A T E R  ON; with 
C C 3 6 J R S )  

36JS (ISS NA E L E C  R E P L A C E M E N T  H E A T E R  ON; with 
C C 3 6 J P )  
36JS  (ISS NA E L E C  R E P L A C E M E N T  H E A T E R  O F F ;  with 
C C 3 6 J R P )  

36JRS (ISS NA E L E C  R E P L A C E M E N T  H E A T E R  O F F ;  with 
C C 3 6 J P )  
36JRS (ISS NA E L E C  R E P L A C E M E N T  H E A T E R  ON; with 
C C 3 6 J R P )  

39A (MIRIS ON) 

39AR (MIRIS O F F )  

39B (MIRIS STANDBY S U P P L Y  B ON) 

39BR (MIRIS STANDBY S U P P L Y  B O F F )  

39C (MIRIS FLASH O F F  HEATER ON) 

39CR (MIRIS FLASH O F F  H E A T E R  O F F )  

39D (MIRIS R E P L A C E M E N T  H E A T E R  ON) 

39DR (MIRIS R E P L A C E M E N T  H E A T E R  O F F )  

3 9 F  (MIRIS STANDBY S U P P L Y  A ON)  

3 9 F R  (MIRIS STANDBY S U P P L Y  A O F F )  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

1  

0  

0  

0 

0  

1  

1  

1  

1  

0  

0  

- 
0 1 1 1 1 0 0  

0 1 1 1 1 0 1  

0 1 1 1 1 1 0  

0 1 1 1 1 1 1  

0 1 1 1 0 0 0  

0 1 1 1 0 0 0  

0 1 1 1 0 0 1  

0 1 1 1 0 0 1  

1 1 1 1 1 0 0  

1 1 1 1 1 0 0  

1 1 1 1 1 0 1  

1 1 1 1 1 0 1  

1 0 1 1 0 0 0  

1 0 1 1 0 0 1  

1 1 0 1 0 0 0  

1 1 0 1 0 0 1  

1 1 0 0 0 0 0  

1 1 0 0 0 0 1  

1 0 1 0 0 1 0  

1 0 1 0 0 1 1  

0 1 0 0 1 0 0  

0 1 0 0 1 0 1  

O  

1  

2  

3 

Ground  C M D B i t  N u m b e r  

CCS Bi t  N u m b e r  

P W R  A d d r e s s  

S p a r e  

I' 

50 

18 

0  0  

0  1  

1 0  

1 1  - 2 

51 52 53 54 

17 16 15 14 

0 0 1 0 1  

h 

4 
& $  rn 

C o m m a n d  Rejec t  

D e c o d e r  A 

D e c o d e r  B 

C o m m a n d  Rejec t  
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